

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































10941 » 10939

Alphanumeric and Bargraph Display Controller

INTERFACE DESCRIPTION

10941 Pin Functions

10939 Pin Functions

Signal Name Pin No. Function Signal Name Pin No. Function
Vss 2 Power and signal reference Vsg 36 Power and signal reference
SG01-SG16 6-15, 17-22 | Segment driver outputs Voo 37 DC Power
SCLK-DIS 23 Serial data shift clock CLOCK 38 Synchronization Clock
DATA-LOAD 24 Serial data output/latch control CURSOR 14 Cursor driver output
PNT 4 Decimal Point driver output MASTER 39 Master/Slave Mode control
TAIL 5 Comma Tail driver output SIP 3 Sync Input
Vbp 1 DC Power SOP 2 Sync Output
Vag 16 Display voltage DO-D7 6-13 Serial or parallel data input
LD 5 Input data strobe
POR 4 Power-on reset
SCLK-DIS 1 Serial data shift clock
DATA-LOAD 40 Serial data output/latch control
STR00-STR19 15-34 Grid Driver Outputs
Voo 1 24 B DATA-LOAD Vae 35 Display voltage
Ves O 2 23 ] SCLK-DIS
PNT O 3 22 O sGo1
TAIL O 4 21 3 sGo2
NOT USED O 5 20 1 SG03
$G16 6 190 sGo4 scLk-DIs d 1 40 0 DATA-LOAD
SG15 7 18 0 SG05 sop O 2 39 [0 MASTER
SG14 (8 17 0 SGo6 SIP O3 38 0 cLock
SG13 (09 16 O Vg POR O 4 37 Vpp
SG12 10 15 5 sGo07 LD 05 36 0 Vgg .
SG11 O 11 14 1 SGo08 Do O 6 35 0 Vgg -
SG10 112 13 0 SG09 p1 Q7 34 3 STROO
D2 8 33 [0 STRO1
D3 g 9 32 [0 STR02
10941 Pin Configuration g; d :10 g; g g:gi
D6 [ 12 29 1 STRO5
D7 O 13 28 [1 STRO6
CURSOR (O 14 27E STRO7
STR19 4 15 26 1 STR08
STR18 O 16 25 7 STRO9
STR17 [ 17 24 ) STR10
STR16 (J 18 23 1 STR11
STR15 (] 19 22 1 STR12
STR14 (] 20 211 STR13
SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS*

Voltages are referenced to Vgg

Parameter Symbol Value Unit
Operating Temperature

Commercial 0to +70 °C

Industrial Te -40to +85 °C

Storage Temperature Ti -55t0 +125 °C

Operating Voltage Voo -22to -18 Vdc

- 20 (typical)
Operating Display Voltage Vaa -50 Vdc

10939 Pin Configuration

*NOTE: Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent damage to the device.
This is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in other
sections of this document is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.
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DC CHARACTERISTICS
All voltages referenced to Vgg

Parameter Symbol Min Typ Max Unit
10941
Output Segments
Logic ‘1" (lpag = 2 MA) Vou -1.5 Vss \
Logic “1” (I .oap = 0 mA) VoL Vae 0.95 x Vgg v
10939
Input DO-D7, LD, SIP
Logic “1” Vi -1.2 +0.3 \
Logic ““0” Vi Voo -4.2 v
Input POR
Logic “1"” Vivpo -3.0 +0.3 Vv
Logic 0" ViLro Voo -10.0 \
Output SOP
Logic “1” Vonsy -1.2 Vss v
Logic ““0” VoLsy Voo -4.2 v
Output Digits, Cursor
Logic “1"” (lipag = 10 MA) Von -15 Vss v
Logic ““0"” (lgag = 0 MA) VoL Vaa 0.95 x Vg \

s

OPERATING CURRENTS

Maximum Typical
Industrial Commercial
TA = -40°C TA = 0°C TA = 25°C
Vpp = —22 Vdc Vpp = —-22 Vdc Vpp = —20 Vdc
Parameter Notes Vgg = —50 Vdc Vgg = —50 Vde Vgg = —50 Vdc Unit
10941
Iop 1 4.5 3.6 3.2 mA
lae 5.7 4.6 4.1 mA
10939 (master)
oo 2 13.6 10.9 6.0 mA
le 1.0 0.8 0.5 mA
10939 (slave)
oo 2 9.1 7.3 4.0 mA
lag 1.0 0.8 0.5 mA
Notes:
1. The 10941 has 18 internal drivers which are brought out. lgg is proportional to the number of drivers on. The values given are for
all 18 drivers on. Divide lgg shown by 18 to determine Igg for one driver.
2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shown are for two
drivers on with 100% duty cycle.
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AC CHARACTERISTICS

Parameter Symbol Min Typ Max Unit

GENERAL INTERFACE TIMING
Data Load (LD)

On Time Tidon 1.0 us
Off time Tidoft
Commercial 40.0 us
Industrial 44.5 s
Cycle Time Tideye
Commerical 60.0 1S
Industrial 66.7 us

SERIAL INTERFACE TIMING
Serial Clock (D1)

On Time Tscon 1.0 20.0 us

Off Time Tscoft 1.0 ns

Cycle Time Tsceye 2.0 us
Serial Data (D0)

Set-up Time Tssetup 400 ns

Hold Time shold 400 ns
Serial Clock to LD Time Ts 1.0 us
LD to Serial Clock Tis 1.0 us

PARALLEL INTERFACE TIMING
Parallel Data (D0-D7)
Set-up Time Tpseiup 0 ns
Hold Time Tohotd 200 ) e

TIMING WAVEFORMS

sceyc

Ty on =3t Ty oo —]

?S‘ERIAL CLOCK) — —-—J I

l" Tis ->‘

"'Tsl-'l [« Tidon -F|<—T|uou ————I

LD | o _Il—_
|

Tsselup Tshold l

Tideye

Do -

(DATA)

Serial Interface Timing Waveforms

I Tideye
Ja—Tidon —} Tidott —

LD ————l_—

—] TMIUpL_ —d P

Tphold

L

D0-D7

Parallel Interface Timing Waveforms
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FUNCTIONAL DESCRIPTION

Once the display buffer has been loaded from the host proc-
essor, the 10941/10939 system generates all timing signals
required to control the display.

Input data is loaded into the Display Data Buffer as a series of
8-bit words via the Serial or Parallel Data Input channel on the
10939. Internal timing and control logic synchronize the digit out-
put signals with the Serial Data and Load signals to the 10941
to provide the proper timing for the multiplexing operation. A
128 x 18 bit PLA is provided for decoding the character set and
bargraph codes.

The parallel data input mode is implemented by toggling any
of data lines D2-D7 after POR has gone low. Once the parallel
data load mode has been implemented, a power-on reset pro-
cedure must be performed to return to serial data load mode.
Parallel data transfer is accomplished by putting the command
or display data on the data lines, then pulsing the LD line. The
load cycle time must be at least 60 us with the LD line set high
for at least one us and held low for at least 40 ps.

The serial data input mode is implemented during the power-
on reset procedure. In those systems using serial mode, ports
D2-D7 should be tied low to prevent the inadvertent implemen-
tation of the parallel load mode. Serial data bytes are shifted
into a data buffer MSB first on line DO using line D1 as the serial
clock. The last eight bits clocked in are latched into the display
controller by a pulse on the LD line. The cycle time for each data
bit is 2 us and the load time for each byte is 60 gs.

Input data may be Control or Display data. The following
paragraphs describe the format and functions of these control
and display data words.

CONTROL DATA WORDS

Control data words are used to select the operating parameters
of the display controller. They must be preceded by a Control
Prefix word (0000 0001, hexadecimal 01) to be distinguished
from Display Data words. Table 1 shows the Control Word code
assignments and functions.

Buffer Pointer Control

The Buffer Pointer Control code sets the Display Data Buffer
pointer. The lower 5 bits of the code are loaded into the buffer
pointer (see Table 2).

5-35

Table 1. Control Word Assignments

Hex Value Function
00 Not used
01 Load 01 into Data Buffer
02 Not used
03 Not used
04 Not used
05 Set digit time to 16 cycles per grid
06 Set digit time to 32 cycles per grid
07 Set digit time to 64 cycles per grid
08 Enable Normal Display Mode (MSB in data words
is cursor control-only)
09 Enable Blank Mode (data words with MSB = 1 will
be blanked and cursor will be on)
0A Enable Inverse Mode (data words with MSB = 1
will be “inversed” and cursor will be on)
oB Not used
ocC Not used
oD Not used
OE Start Display Refresh Cycle (use only once after
reset)
oF Not used
10-3F Not used
40-7F Load Duty Cycle Register with lower 6 bits (0-63)
80-9F Load Digit Counter (80=32, 81=1, 82=2, etc.)
AO-BF Not used
CO-DF Load Buffer Pointer Register with lower 5 bits
EO-FF Not used

Table 2. Buffer Pointer Control Codes

Code Pointer Character
Value Value Position
Cco 00 0
Cc1 01 1
c2 02 2
Cc3 03 3
C4 04 4
C5 05 5
C6 06 6
c7 g 7
cs 08 8
c9 09 9
CA 0A 10
cB 0B 1
cc oc 12
CcD ob 13
CE O0E 14
CF OF 15
Do 10 16
D1 1 17
D2 12 18
D3 13 19
Note:

DO NOT USE CHARACTER POSITIONS 20-31 (Codes D4-DF).
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Digit Counter Control

The Digit Counter Control code defines the number of charac-
ter positions (grids) to be controlled. This code is normally used
only during initialization routines, but it may also be used in con-
junction with the Load Duty Cycle control code to extend the
range of brightness control (see Table 3).

Duty Cycle Control

The Duty Cycle Control code turns the display on and off, adjusts
display brightness, or modifies display timing. The time slot for
each character is 16, 32, or 64 cycles as selected by the Digit
Time Control codes (see Table 1). The segment and digit drivers
for each character are on for a maximum of 13, 29, or 61 cycles
with a 3 cycle inter-digit off-time. The lower 6 bits of the Duty
Cycle Control code are loaded into the Duty Cycle Register.
Resultant duty cycles are shown in Table 4.

Digit Time Select

The Digit Time Select code sets the total time for each character
during the refresh cycle. Three values can be set using the three
codes shown in Table 1. The default value set at power-on is
64 cycles per grid. For displays with 40 or more characters, or
under conditions where the display can be subjected to quick
movements during viewing (e.g. portable or vehicle-mounted
applications), it may be necessary to increase the refresh rate by
selecting 16 or 32 cycles per grid with the appropriate control code.

Table 3. Digit Counter Control Codes

Digit No. of Grids
Code Counter Value Controlled
80 00 32
81 01 1
82 02 2
83 03 3
84 04 4
85 05 5
86 06 6
87 07 7
88 08 8
89 09 9
8A 0A 10
8B 0B 11
8C oc 12
8D ob 13
8E 0E 14
8F OF 15
90 10 16
91 1 17
92 12 18
93 13 19
94 14 20
95 15 21
96 16 22
97 17 23
98 18 24
99 19 25
9A 1A 26
9B 1B 27
9C 1C 28
9D 1D 29
9E 1E 30
9F 1F 31

Display Mode Select

Each ASCII character is represented by the lower seven bits
of the 8-bit value loaded into the 10939. The eighth (most

5-36

Table 4. Duty Cycle Control Codes

Digit Time=16 Digit Time =32 Digit Time =64
Code On Off On Off On off
40 - 16 — 32 — 64
4 — 16 — 32 — 64
42 — 16 — 32 — 64
43 1 15 1 31 1 63
44 2 14 2 30 2 62
45 3 13 3 29 3 61
46 4 12 4 28 4 60
47 5 11 5 27 5 59
48 6 10 6 26 6 58
49 7 9 7 25 7 57
4A 8 8 8 24 8 56
4B 9 7 9 23 9 55
4C 10 6 10 22 10 54
4D 11 5 1 21 k! 53
4E 12 4 12 20 12 52
4F 13 3 13 19 13 51
50 13 3 14 18 14 50
51 13 3 15 17 15 49
52 13 3 16 16 16 48
53 13 3 17 15 17 47
58 13 3 25 7 25 39
5C 13 3 26 6 26 38
5D 13 3 27 5 27 37
5E 13 3 28 4 28 36
5F 13 3 29 3 29 35
60 13 3 29 3 30 34
61 13 3 29 3 31 33
62 13 3 29 3 32 32
7C 13 3 29 3 58 6
7D 13 3 29 3 59 5
7E 13 3 29 3 60 4
7F 13 3 29 3 61 3

significant) bit controls the cursor (see Cursor Control). This bit
is known as the data byte control bit. If either Blank or Inverse
mode is selected, a “‘0” in this bit causes a normal character
display, while a ‘1" selects either Blank or Inverse mode,
depending on which mode is enabled. Three control codes are
provided (see Table 1) to enable Blank Mode, Inverse Mode,
or Normal Display mode.

In the Blank mode, any character with the MSB = ‘1" will be
blanked. In the Inverse mode, it will be displayed with all seg-
ment driver outputs inverted. On video displays, this is referred
to as “Inverse Video” format. These controls allow individual
characters or groups of characters to be blinked or blanked by
simply changing the mode without changing the data in the
Display Buffer.

Cursor Control

The data byte control bit (MSB 8), besides selecting Blank,
Inverse, or Normal mode, also controls the cursor output which
is enabled on all characters with the MSB equal to one.
Therefore, when the Normal mode is enabled and the MSB of
the data byte is set to a one, the normal character is displayed
with the cursor on. When the Blank mode is enabled and the
MSB is set to a one, the character is blanked but the cursor is
on. If Inverse mode is enabled and the MSB is set to a one, the
inverse character is displayed and the cursor is on but not
inversed.
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Start Refresh

At power on, the 10939 is held in an internal halt mode. The
normal display refresh sequence starts upon receipt of a Start
Refresh control code. This is particularly useful for synchroniz-
ing systems using more than one 10939. Only the Master 10939
in a multi-chip system will recognize the Start Refresh code. The
Master starts the Slave(s) at the appropriate time, using the SOP
signal.

INPUT DISPLAY DATA WORDS

Display data words are loaded as 8-bit codes. The eighth (most
significant) bit specifies normal (0) or blank/inverse (1) display
mode, depending on the blank/inverse mode selection (see Con-
trol data words 09 and 0OA in Table 1). This bit also controls the
cursor.

Twenty display data words must be entered to completely load
the Display Data Buffer. The Buffer Pointer automatically incre-
ments after each data word is stored in the buffer. To select a
character position to be loaded out of sequence, use the Buffer
Pointer control code. The Buffer Pointer will automatically reset
to character position 0 when its value is equal to the programmed
Digit Count.

POWER-ON RESET

The Power-On Reset (POR) initializes the internal circuits of the
10939. This is normally accomplished when power (Vpp) is
applied. The following conditions are established by application
of POR:

a. The Grid Drivers (STR00-STR19) on the 10939 are in the
off state.

. The Segment Drivers (SG01-SG16) on the 10941 are in the
off state.

. The Duty Cycle is set to 0.

. The Digit Counter is set to 32.

. The Buffer Pointer is set to 0.
The Digit time is set to 64.

. The Normal display mode is set.

. DATA-LOAD is set to high impedance state.
SCLK-DIS is set to Vg to disable the anode drivers in the
10941.

j. SOP is set to Vg to disable the sync pulse.

o

TS mmToao

Note:

1. When the POR signal is removed, SCLK-DIS is set to the high
impedance state.

2. During the initial rise time of Vpp at power turn-on, the
magnitude of Vg should not exceed the magnitude of Vpp.

DIGIT (GRID) DRIVERS (STR00-STR19) PLUS CURSOR

The 20 Digit (Grid) Drivers select each of the display character
positions sequentially during a refresh scan. Display segments
are illuminated when both the Digit Drivers and Segment Drivers
for a particular character are energized simultaneously. The Cur-
sor segment is generated by the 10939, but its timing charac-
teristics are identical to the 16 segments generated by the 10941.
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SEGMENT (ANODE) DRIVERS (SG01-SG16, PNT, TAIL)

Eighteen Segment (Anode) Drivers are provided in the 10941.
The output states for each character pattern and each bargraph
pattern are internally decoded from the 8-bit characters receiv-
ed from the 10939 by means of a 128 x 18-bit PLA. Data codes
and the corresponding segment patterns are shown in Figure 1.
Data codes and the corresponding bargraph patterns are shown
in Figure 2.

HERE R HER R HERHER R
HE R RHE R R R R
HERHERHERHEAHERHERHERHE
7 I SO | O ] o [ o [
00 01 02 |£ |' 03 | ) 04 |__ _,05 B _; 06 |, o7 N _I'
Y O T O P
- _ _MoallZ Zlfoc el = Moel - =
08 |_ _l, 09 |, 0A |_ _LOB - _|’0 l_/_"OD | . 0ol |_ _'F OF - _L‘
10 I _‘|~ 1" I: :l- 12 :: :|- 13 : 14 :: :ll 15 I: :: 16 :li:, 17 : :
18 ——' 19 ——‘ 1A ,——I 18 ’—— 1C ’-—— 10 I 1E i— —’ 1F |— —l
[ e A T
20 21 \l 22 I I 23 —l—l 24 |—‘— 25 |——|—/ 26 El 27 /
B SN i ) i 2 N
28 < 29 \/ 2A l:{ 28 —:— 2C Y 2D| — — |2E ~ 2F //
m}fi: 31 : 32 E:l 33 ::: 34 I——: 35 ’::, 36 ::' ar ;
(] R - s \ T
38f,— — [39|'— — |3A 3B 3C 3D| — — |3E 3F —
(| e O ~ A N\ |
S| P [ O P PR 1 I P [
40| — a1 — — |42 — |43 44 51 — 46| — 47 -
R Y [ I e O L
L IR NI
48| — — |49 4A 48| —~ 4C 4D 4E 4F
T et O N N e R el TN A
(N O O PR B O P [ R I
sol 51 |_\_|52| \53 ——|54 | 55 L__|56 % 57 N
58 N/ 59 N/ 5A ) 7 5B |— 5C A 5D —l SE 5F
/\ I /| \ /N
60 6 62 Nea 64 65 66 e
| _ _ |
68 ‘ 69 / BA — |68 6C 6D 6E| — 6F \
\ | /
70 n 72 l 73 I 74 |‘ 75 : 76 | : 7 : :
T S T2 o v o O | o v I [N
]t Y Kt S VN e TN s ANl v N e
CHARACTER
€3]
3
0 & % @ PNT
U } TAIL
SEGMENT DRIVER ASSIGNMENTS
Figure 1. 16-Segment PLA Character Codes
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00 o1 02| = [03| — [oa| — o5 06| — [or| =
08| — |oo 0A| — |oB oc oo| — [oE| — |oF| —
0 = |11 = (2| = |13 14 15 6 = |17 5
18 — |19 — |1A| = |1B 1| = |1D 1E =
20 21| — |22 = |28 24 25 % —= |27 —
— — —
28| = |20 2| = [28] = |ec 20| — |ee| _ |eF Cseis)
— _— — -
30 31| — |[a2| —Z |a3 34| = |as 36| = |&r CseD
— — _ _ — (@S
38 39| = |aa| __ |38 3c| — [e0 3| — [sF| —
— = — — =
| _ 4| = |a2| = |4s 44| — |45 46| _ || = (Cse0a>
= = = = =
— _ — — (SGos)
48| = |9 — |47 — |4B| = |4C| = [+ € = |F| =
— — — — — GsGoa)
50| = |[s1] = [s2| = [s3] = [s4| — |55 s6| = 57| =
= = = —
= p— —_ — =
58| — |s9| — |sa| — |sB| — |[sc| — |sD SE sF|
3 Segment Assignments
60 61 62 63 64 65| _ [es| __ [e7| —
— > 10f 16
e8| — |es| — lea| — e8| — [ec|  |[eD 6E 6F
Y
S
70 7 72 73 | |7 | — |7 =
[ Nof16
78 7 A 78 7C 7D 7E 7F
J

Figure 2. 16-Segment BarGraph Codes
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TYPICAL SYSTEM HOOKUPS

Figure 3 shows a 10941 and 10939 in a parallel interface
the host system driving a 20 character display. Figure 4 shows
a 10941 and a 10939 in a serial interface with the host system

with

driving a 20 character display. Figure 5 shows a 10941 and two
10939’s in a parallel interface with the host system driving a
40 character display.

20-CHARACTER VACUUM TUBE FLUORESCENT DISPLAY

j«—— FILAMENT 1
< FILAMENT 2

16

SG01-SG16 PNT TAIL
Vop
Vss

10941 Vae

20

-15V

——+5V
I {-45V

DATA-LOAD

SCLK-DIS

*PULLUPS REQUIRED ON
ALL INPUTS FROM

TTL SOURCES. PULLUP
SHOWN IS TYPICAL.

Vss

CURSOR STR00-STR19

Voo

Vss

Ve 10939
LD D0-D7

-

1/0 CONTROL DATA
HOST SYSTEM

SoP ]
SIP
MASTER — -15V (Vpg)
CLOCK ——N.C.
POR
RES

Figure 3. Typical Display System with Parallel Interface to Host System

20-CHARACTER VACUUM TUBE FLUORESCENT DISPLAY

|«—— FILAMENT 1
FILAMENT 2

16

20

SGO01-SG16 PNT TAIL CURSOR STRO0-STR19
Vpp[— =15V Voo sop j
Vgs —1 +5V Vss sIP
10941 Vea 45V Vea 10939
MASTER |— -15V (Vpp)
DATA-LOAD CLOCK|___N.C.
SCLK-DIS LD DI DOPOR D2-D7|—-15V (Vgp)
*PULLUPS REQUIRED ON b
ALL INPUTS FROM
TTL SOURCES. PULLUP LATCH SERIAL DATA RES
SHOWN IS TYPICAL. - HOST v STEM
SS

Figure 4. Typical Display System with Serial Interface to Host System
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40 CHARACTER VACUUM TUBE FLUORESCENT DISPLAY

20 D} 5; K 20

= FILAMENT 1
[<—— FILAMENT 2

16

SG01-SG16 PNT TAIL STRO0-STR19  CURSOR Ve CURSOR STR00-STR19
Vpo [—{ =15V 1 vpp SoP SIp
Vs [T] +8V [ Vs ol sop MASTER 5V (Ves)
- ER|—- —

10941 Vea[ ] -45V] (Vaa 10939 M‘I:\EOTCK 15V (Vpp) clock 10939 ss

DATA-LOAD (MASTER) ! (SLAVE) [<—Vpp

SCLK-DIS| —Vss

~—Vaa

LD D0-D7 POR I‘ LD D0-D7 POR

Vss'%
4

*PULLUPS REQUIRED ON

1/0 DATA RES
ALL INPUTS FROM CONTROL
TTL SOURCES. PULLUP
SHOWN IS TYPICAL. SYSTEM

Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices
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DESCRIPTION

The Rockwell 10951 Bargraph and Numeric Display Controller
is an LSI general purpose display controller designed to interface
to bargraph and numeric displays (vacuum fluorescent or LED).

The 10951 will drive 16-segment bargraph or seven-segment
plus comma and decimal numeric displays with up to 16 display
positions. The controller accepts command and data input words
on a clocked serial input line. Commands control the on/off duty
cycle, starting character position and number of characters to
display. Encoded data words display bargraph position (single
segment or increasing bar length), numbers, comma, decimal
and selected upper and lower case letters. No external drive
circuitry is required for displays that operate on 20 mA of drive
current up to 50 volts. A 64 x 16-bit segment decoder provides
character set decoding for the display.

ORDERING INFORMATION

FEATURES
* 16 segment drivers plus decimal point and comma tail drivers
* 16 digit drivers
* Up to 66 kHz data rate
* Direct digit drive of 20 mA for up to 50 volt displays
* Supports vacuum fluorescent or LED displays
¢ Serial data input for 8-bit display and control data words
* 64 x 16-bit PLA provides data decoding driving
— Any 1 of 16 bargraph segments
— 1 to 16 bargraph segments
— Ten seven-segment numeric characters (0-9)
— Comma and decimal
— Eight upper and lower case seven-segment characters

Part Package Drive Temperature * Command functions
Number Type Voltage Range (°C) — Duty cycle adjust
10951P-40 Plastic 40V Oto +70 — Character position select
10951P-50 Plastic 50V 0to +70
10951PE-40 Plastic 40V ~4010 +85 — Number of characters
10951PE-50 Plastic 50V -40to +85 ® 40-Pin DIP package
» SGA
DATA - 6 x 16 » SGB
| DISPLAY| | 64 x 16 SEGMENT » SGC
7| DATA 1 PLA DECODER o - SGD
> —» SGE
SCLK TIMING BUFFER > ggp
AND » SGG
CONTROL SEGMENT > SeH
. gl ’:A:_ (-3',.r DRIVERS > SGJ
> D . (ANODE >
POR — COMMA TAIL ) ” Sk
vSS —] — > SGM
+ » SGN
VDD —] > SGO
DIGIT DRIVERS »- SGP
A — - PNT
(GRID) > > TAIL
YVVYYY vy \} \} YvYYYy YYy
AN MY W ONODODDO™NMTSTILIL O
o000 Q00T NN e T o™
<<<<<<<<<2222332

10951 Block Diagram

Document No. 29000D94

Data Sheet
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10951 Bargraph and Numeric Display Controller

INTERFACE DESCRIPTION
10951 Pin Functions vss 1 40 3 PNT
Signal Name | Pin No. Function :g:g g :2; gg g ;gg'
Vss 1 Power and signal reference AD14 [T 4 37 [ SGO
AD16-AD1 2-17 | Digits 16 through 1 driver outputs AD13 | 5 36 [ SGN
Vop 18 DC power connection AD12 1 6 35 [—J SGM
19 A clock output used for testing AD11 [ 7 34 [ SGL
POR 20 Power-on reset input ) AD10 [ 8 33 [ SGK
DATA 21 Serial data input AD9 [ 9 32 [ sGJ
SCLK 22 Serial data clock input AD8 ] 10 31 [ saGI
SGA-SGP 23-38 | Segments A through P driver outputs AD7 T 11 30 [ SGH
TAIL 39 Comma tail driver output AD6 T 12 29 [ SGG
PNT 40 Decimal point driver output AD5 ] 13 28 [ SGF
AD4 ] 14 27 [ SGE
SPECIFICATIONS AD3 CH 15 26 [ SGD
AD2 C 16 25 SGC
ABSOLUTE MAXIMUM RATINGS* AD1 1 17 24 SGB
All voltages are specified relative to Vgs. VoD [ 18 23 (5 sGA
A T 19 22 SCLK
Parameter Symbol Value Unit POR [ 20 21 DATA
Supply Voltage Vpp +0.3to —-20 \
Operating Current lop 7 mA
Input Voltage Vin +0.3t0 ~20 \ 10951 Pin Configuration .
Output Voltage Vour +0.3t0 —50 \ .
Output Current Digits Ip 20 mA *NOTE: Stresses above those listed under ABSOLUTE MAXI-
8“‘9“:_9“{":9"‘ Segtme"‘s Is 10 A MUM RATINGS may cause permanent damage to the device.
pce;?n:grcgnpera ure 1. . 0to +70 og This is a stress rating only and functional operation of the device
Industrial -rf ~40to +85 °C at these or any other conditions above those indicated in the
Storage Temperature Tste -55t0 +125 °C other sections of this document is not implied. Exposure to
Input Capacitance Cin ) 5 pF absolute maximum rating conditions for extended periods may
Output Capacitance Cout 10 pF affect device reliability.
DC CHARACTERISTICS
Limits (Vgg = 0) Limits (Vgg = +5V)
Parameter Min Typ Max Min Typ Max Conditions Unit
Supply Voltage (Vpp) -16.5 -15.0 -13.5 -11.5 -10.0 -85 \Y
Power Dissipation 40 100 40 100 mwW
Input DATA,SCLK,
Logic “'1” -1.0 +0.3 +4.0 +5.3 \
Logic ‘0" Voo -4.2 Vop +0.8
Input POR
Logic “1” -3.0 +0.3 +2.0 +5.3
Logic ‘0" Voo -10.0 Vop -5.0
Output Digit and '
Segment Strobes
Driver On
Commercial -1.5 +35 y \
Industrial -17 +33 At 10 mA v
Driver Off 10951-40 - 40 -35 -3 | -30 2:::?;1;/:elgeby v
Driver Off 10951-50 -50 -45 -45 -40 external circuit v
Output Leakage 10 10 } Per driver at A
Input Leakage 10 10 driver off A
Note: All outputs require Pulldown Resistors.
AC CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
SCLK Clock ‘
On Time Ton 1.0 20.0 us
On Time Tott 1.0 us
Data Input Sample Time
Before SCLK Clock Off Toott 200 - ns
After SCLK Clock Off Taoft 100 ns
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Teye
| Ty ot Ty — ]
O oNe 9N\
— —Thott
@ Vss Ll Ll
N ® -1.0v +4.0V
DATA INPUT W
® ® —4.2v +0.8V
@ *DATA MUST BE STABLE DURING THIS TIME.
SCLK and Serial Data Timing
MSB TIME —» LSB
SCLK
3 DUTY CYCLE = 11
DATA N (1 CONTROL BIT, 2 COMMAND BITS)
1 1 1! 0 1 0 1 1]
| S
| 1 |
BUFFER POINTER = 11
DATA N k\ (1 CONTROL BIT, 3 COMMAND BITS)
1] 0 1 o | 1 0 1 1]
| | |
DIGIT COUNT = 15
DATA N N N N (1 CONTROL BIT, 3 COMMAND BITS)
1 1 (] ol 1 1 1 1]
|
CONTROL | COMMAND : DATA : NOTE: CROSSHATCH = DON'T CARE
BIT BITS BITS
SCLK and Serial Data (Control Word) Examples
NEXT
END OF DATA WORD
DATA WORD
LSB MSB LSB
SCLK _/—_a\_.( 3_/ :_—-\_( )_/ \.
MIN 40 ,SEC
MIN 120 ,SEC
Data Word LSB/MSB Timing
VDD VDD STABILIZED o
| <100 y.s—'..qoo ps=—
(MIN) (MIN)
L 1,
e ——
DATA/COMMAND j DATA VALID

Power-On Reset
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FUNCTIONAL DESCRIPTION

The 10951 receives commands and data on a serial input line
clocked externally by a separate clock input line. The controller
decodes the commands from control data words, decodes the
data words in accordance with an internal 64 x 16-bit program-
mable logic array (PLA) and turns on and off segment and digit
output drivers. The segment output patterns are controlled by
the decoded data words while the digit output and segment out-
put timing are controlled by the decoded control words. All timing
signals required to control the display are generated in the 10951
device without any refresh input from the host processor.

Input data is loaded into the Display Data Buffer via the Serial
Data Input (Data) channel. Internal timing and control blocks syn-
chronize the segment and digit output signals to provide the
proper timing for the multiplexing operation. The 16 x 64 PLA
decodes 8-bit data words to drive the 16 segment, comma and
decimal point drivers. The decoded data words will drive 16 seg-
ments to display bargaph patterns (single segment and multi-
ple segment for increasing length displays) or seven-segment
patterns to display numbers, selected upper and lower case
letters, comma and decimal point.

Input data is loaded into the 10951 as a series of 8-bit words with
the most significant bit (MSB), bit 7, first. If the MSB is a logic 1
(this bit is referred to as the control bit C), the loaded word is a
control data word. If the C bit of any word is a logic 0, the loaded
word is a display data word. The following paragraphs describe
the format and functions of these control and display data words.

INPUT CONTROL DATA WORDS

When the C-Bit (bit 7) of the 8-bit input word is a logic 1, bits 5
and 6 are decoded into one of four control commands while data
associated with the command are extracted from bits 0-4. There
are four control codes which perform the following display
functions:

* Load the Display Data Buffer pointer,

¢ Load the Digit Counter,

* Load the Duty Cycle register,

* Enable the Test Mode.

Table 1 lists the control codes and their functions.

Buffer Pointer Control

The Buffer Pointer Control code allows the Display Data Buffer
pointer to be set to any digit position so that individual characters
may be modified. The Buffer Pointer is loaded with a decimal
equivalent value 2 less than the desired value (i.e., to point to
the digit controlled by AD6 of the display, a value of 4 is entered).
See Table 2 for a complete list of the Buffer Pointer values.

Digit Counter Control

The Digit Counter Control code is normally used only during in-
itialization routines to define the number of character positions
to be controlled. This code maximizes the duty cycle for any
display. If 16 characters are to be controlled, enter a value of 0
(zero). Otherwise, enter the value desired.

Duty Cycle Control

The Duty Cycle Control code is used to turn the display on and
off, and to adjust display brightness. As shown in the block dia-
gram, the time slot for each character is 32 clock cycles. The
segment and digit drivers for each character are on for a maxi-
mum of 31 cycles with a 1 cycle inter-digit off-time. The Duty
Cycle Control code contains a 5-bit numeric field which modifies
the on-time for the driver outputs from 0 to 31 cycles. A duty
cycle of 0 puts both the segment and digit drivers into the off
state. Figure 1 shows the timing characteristics for the segment
outputs.

Test Mode Enable

The Test Mode Enable code is a device test function only. If
executed, it will lock the device in the Test Mode. This mode
can be disabled only by performing a power-on reset.

If this mode is activated, the digit time is reduced from 32 to
4 clock cycles to speed up the output driver sequencing time
for ease in testing.

Table 1. Control Data Words
8-Bit Control Word
C-Bit 7-Bit Code Function
1 010NNNN? Buffer Pointer Control (Position of character to be changed)
1 100NNNN! Digit Counter Control (Number of characters to be output)
1 11NNNNN2 Duty Cycle Control (On/off and brightness control)
1 OONNNNN3 Test Mode Enable (Not a user function)
Note:

disabled only by performing a power-on reset.

1. NNNN is a 4-bit binary value representing the digit number to be loaded.
2. NNNNN is a 5-bit binary value representing the number of clock cycles each digit is on.
3. This code is a device test function only. If executed it will lock the device in the Test Mode. Test Mode can be
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Table 2. Buffer Pointer Control Codes

Hex Code Pointer Value Character Controlled By
A0 0 AD2
A1 1 AD3
A2 2 AD4
A3 3 AD5S
A4 4 AD6
A5 5 AD7
A6 6 AD8
A7 7 AD9
A8 8 AD10
A9 9 AD11
AA 10 AD12
AB 11 AD13
AC 12 AD14
AD 13 AD15
AE 14 AD16
AF 15 AD1

INPUT DISPLAY DATA WORDS

Display data words are loaded as 8-bit format codes. There are
64 codes available (with the C-bit set to 0 to indicate a display
data word).

Sixteen display data words must be entered to completely load
the Display Data Buffer. The Buffer Pointer is automatically
incremented before each data word is stored in the Display
Buffer except for decimal point and comma words. The decimal
point and comma words do not cause the Buffer Pointer to
increment and thus are always associated with the previous
character entered. To enter a character position out of the normal
sequence, use the Buffer Pointer control command before enter-
ing the display data word. It is not necessary to use the Buffer
Pointer control command to cycle back to position 1 when less
than 16 character positions are being used (Digit Counter # 0).

DIGIT DRIVERS (AD1-AD16)

The sixteen Digit Drivers (AD1 - AD16) are used to select each
of the display digits sequentially during a refresh scan. Display
segments will be illuminated when both the Digit Drivers and
Segment Drivers for a particular character are energized
simultaneously. The timing characteristics of both the digits and
segments are shown in Figure 1. See POR for the Power-On
Reset state of these drivers.

le 1 DISPLAY CYCLE
I

> < 31BIT TIMES 512 BIT TIMES
AD1

> <1 BIT TIME
AD2 M

AD4 L

AD5 | 1

AD6 : 1
AD?

ADB 1

AD9 | 1

AD10 | 1

AD11 I

AD12

AD13

AD14

AD15

AD16

> |< 31 BIT TIMES
sax — U 1 1

L] A

bl
{ >: ||< 1 BIT TIME NOTE:

TIMING SHOWN IS FOR 16 CHARACTERS WITH A DUTY CYCLE OF 31.

Figure 1. Display Scan Timing Diagram (Duty Cycle)
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POWER-ON RESET (POR)

The Power-On Reset (POR) initializes the internal circuits of the
10951 when power (Vpp) is applied. The following conditions
are established after a Power-On Reset:

a. The Digit Drivers (AD1-AD16) are in the off state (floating).

b. The Segment Drivers (SGA-SGP) are in the off state (floating).
This includes PNT and TAIL.

c. The Duty Cycle is set to 0.

d. The Digit Counter is set to 16 (a bit code value of 0).

e. The Buffer Pointer points to the character controlied by AD1.

SEGMENT DRIVERS (SGA-SGP)

Sixteen (16) Segment Drivers are provided (SGA-SGP), plus the
decimal point (PNT) and comma tail (TAIL). The segment, PNT
and TAIL outputs are internally decoded from the 8-bit characters
in the Display Data Buffer by means of a 64 x 16-bit PLA. The
driver allocations for the 16-segment bargraph display and
the seven-segment alphanumeric character plus comma and

5-46

decimal point are shown in Figure 2. The input codes associated
with seven-segment alphanumeric, comma and decimal point
display are also shown in Figure 2. The complete set of 8-bit
codes for the bargraph and alphanumeric display is shown in
Table 3. Note that only segment drivers SGA-SGG are used to
drive the seven-segment characters. Segment drivers SGH-SGP
may be used for other purposes as decoded in accordance with
Table 3. Figure 3 shows the total allocation of the 16-segment
drivers as they would appear on a 7-segment display or a
16-segment bargraph display. Timing characteristics for the
segment outputs are shown in Figure 1. See POR for the
Power-On Reset state of these drivers.

TYPICAL SYSTEM HOOK-UP

Figure 4 shows the 10951 as it would be connected to a V-F
display when driven by a host system. E is determined by the
V-F display specifications and R is selected to provide proper
biasing current for zeners. Pull down resistors Ry and Rg are
determined by the interconnection capacitance between the
10951 and the display.
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10951

10951 Data Codes
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00 08 10 18| ,—, |20 28 — |30 38 —

01 09 1 19—, |21 291 — |31 39| —

02 0A 12 1Al —, [22f — J2A] — [82| — |3A| —

03 oB 13 Bf —, 23] — |28 33} — |3B| —

04 oc 14 1C| ,—, |24] —, |2C ®"|34| — |3C

05 oD 15 Dl — [25| —, |2D 3| —, |3D| —

1E| —, |26] —, |2E =136 —, [BE| —

SGP
SGO
SGN
SGM
SGL
SGK
SGJ

_sGl
SGH
SGG
SGF
SGE
SGD
SGC
SGB
SGA

SGA

SGF . SGB

SGG

SGE SGC

SGD = PNT
_— ) TAIL

16-SEGMENT 7-SEGMENT
BARGRAPH ALPHANUMERIC

Figure 2. Segment Allocation and 7-Segment Alphanumeric Codes
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00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF ,crcment
| SEE FIGURE 2 |  cHARACTERs

SGH __ g BARGRAPH
SGG __ — CODES

SGA__  __ J

10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F ,qpomens
SEE FIGURE 2 ]  CHARACTERs

SGH _ > BARGRAPH

SGG — CODES

20 21 22 23 24 25 26 27 28 29 2A 2B 2C 20 26 2F L oo
o 1 2 3 4 5 6 7 8 9 P L = | cHamAcTERs

*=PNT and TAIL both set
**=PNT only set

]

|

|

|

|

|

|

|

|

|

|
]
1

__________ r SPECIAL
J— BARGRAPH
CODES

SGA __  _ - —_— e —_ e

30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E IF ,oromen
[0 1 2 3 4 5 6 7 8 9 A b C d E F| CHARACTERS

SGH __ > SPECIAL
SGG __ o - - BARGRAPH
————— _ CODES

Figure 3. Total Character Allocation for Bargraph or 7-Segment Displays
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15V

-Voise

1

l Vss DATA |
10pf
SCLK |-
10951
L Voo
ADX SGX POR
‘ L
116 116
Ra
NN—¢ ‘
VACUUM
TYPICAL TYPICAL FLUORESCENT
GRID ANODE DISPLAY
(DIGIT) (SEGMENT)
DRIVER DRIVER
CIRCUIT p
Rg

+5

‘33K

HOST
SYSTEM

Ill——

Figure 4. Partial System Schematic
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N

Segmented Display Controller/Driver

' Rockwell -

DESCRIPTION FEATURES
The 10955 Segmented Display/Driver is a MOS/LSI device e 8- or 16-character display driver
capable of directly driving both the grids and anodes of multi- ° 8-, 16-, or 24-segment drivers
plexed vacuum-fluorescent segmented displays. All timing o Average data rate 66 kHz
circuits (including a clock generator) required to control the e Single character burst rate 500 kHz
display drivers are contained within the device. The 10955 can o Direct digit drive of 20 ma for up to 40 or 50 voit vacuum-
drive segmented displays with 8 or 16 grids (characters) and fluorescent serial displays
8, 16, or 24 anodes (segments). A serial interface allows for a * 128x 16-bit PLA provides 16- or 14-segment alpha-numeric
host microprocessor to transmit commands and display data to character set
the 10955 directly. ¢ Internal clock generator circuit
e Serial host interface
A 128 x 16 bit PLA provides coding for both 16-segment and e PLA bypass mode
14-segment alphanumeric ASCII code character sets (all caps ° 40-pin DIP
only). The PLA is divided into lower 64 and upper 64 code sets.
Only one set can be selected at a time. In lower set mode the ORDERING INFORMATION
16-segment display characters are selected. In upper set mode ~
the 14-segment display characters are selected. The PLA can Part Package Drive Temperature
also be bypassed so that data words from the host micro- Number Type Voltage Range (°C)
processor are loaded directly into segment drivers without 10955P-40 Plastic 40V 0to +70
decoding by the PLA. This mode is especially useful for creating 10955P-50 Plastic sov Oto +70
special display patterns such as bar graph displays. Bypass 10955PE-40 Plastic 40v -40to +85
mode is limited to eight drivers per data word. 10955PE-50 Plastic sov —40to +85
DATA IN —& Dl[?:'lf-:v 9 gggggg; 8 ggg
SCLK -—U*'» > BUFFER s PLA e SGC
(16 x8) 128x 16 SGD
LD —Je| TIMING SGE
— AND SCGF
POR ™1 controL SGG
VDD b OSCILLATOR AND s SEGMENT SGH
vss —> CLOCK GENERATOR DRIVERS sal
SGJ
SGK
cip < o SGL
bl : SGM
] SGN
SGO
DIRECT DRIVERS SGP
VGG —r STROBE DRIVERS (OR STROBES 8-15)
Yyyvwvyvy \AAAAAA A
ssggassr  sasEisss
OO ™ANMTLD
685605650505 CEEEEEER
FEREEEERE
XX
10955 Block Diagram
Document No. 29001D36 Data Sheet Order No. D136

Rev. 1, June 1987
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10955
INTERFACE DESCRIPTION
Signal Name Pin No. Function
Vss 1 Power and signal reference
C12P 2 Test clock—factory test
SCLK 3 Serial input data clock
DATAIN 4 Serial data input
SEGA-SEGP 5-20 Segments A through P driver
outputs
D7/STR15-D0/STR08 21-28 Direct segment outputs or
strobe outputs
STRO7-STR0O 29-35, 37 | Strobe outputs
Vae 36 Display voltage
Vop 38 Logic supply voltage
POR 39 Power on reset
LD 40 Data Load Strobe
SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS*
All voltages are specified relative to Vgg.
Parameter Symbol Value Unit
Supply Voltage Voo +0.3to0 -25 \%
Operating Current oo 8 mA
Input Voltage Vin +0.3 to -25 \
Display Voltage Vaa +0.3 to -50 A
Operating Temperature
Commercial Tc O0to +70 °C
Industrial T, ~40 to +85 °C
Storage Temperature Tsta -55t0 +125 °C
Input Capacitance Cin 5 pF
Output Capacitance Cout 10 pF

DC CHARACTERISTICS

N4
Vgg T 1 40 [ LD
ci2p | 2 39 [ POR
SCLK 5 3 38 [ Vpp
DATAIN a 37 [ STRoO
SEGA g 5 36 [ Vg
SEGB 6 35 [ STRO1
SEGC ] 7 34 [ STR02
SEGD —] 8 33 [ STR03
SEGE . 9 32 STR04
SEGF | 10 31 E STRO5
SEGG — 11 30 STR06
SEGH ] 12 29 =3 STRO7
SEGI — 13 28 [ DO/STRO8
SEGJ —] 14 27 [ D1/STR09
SEGK ] 15 26 [ D2/STR10
SEGL ]| 16 25 [ D3/STR11
SEGM — 17 24 [ D4/STR12
SEGN —| 18 23 [ D5/STR13
SEGO ] 19 22 [ D6/STR14
SEGP [ 20 21 [ D7/STR15

10955 Pin Configuration

*Note: Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent damage to the device.
This is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in the
other sections of this document is not implied. Exposure to
absolute maximum rating conditions for extended periods may
affect device reliability.

(Vpp = —18.0to —22.0 Vdc, Vgs = 0 Vdc, TA = 0°C to + 70°C (commercial) or —40°C to +85°C (industrial), unless otherwise noted.

All voltages referenced to Vgg.)

Parameter Symbol Min.4 Typicald Max.4 Unit
Operating Current, Logic lop mA
Commercial — 3.2 6.4
Industrial — 4.0 8.0
Operating Current Display laa
1 strobe plus 24 segments @ Vou
Commercial — - 6.5 mA
Industrial 8.0 mA
1 strobe plus 16 segments @ Vou
Commercial 4.3 mA
Industrial — — 5.3 mA
All display drivers
@ Vg and 85°C — — 320 pA
Display Voltage Vaa \
10955-40 -40.0 —_ _—
10955-50 —50.0 — —
Input Leakage (at —20V) he — — 10 pA
Input (DATAIN, LD, SCLK) \%
Logic “1” Vi -1.2 -0.5 +0.3
Logic “0” Vi Vpp -6.0 -4.2
Input POR \Y
Logic “1" Viupo -3.0 — +0.3
Logic “0” \LPO Vpp -12.0 -10.0
Output (C12P) "
Logic “1” VoHsy -0.7 — +0.3
Logic “0™"! Voisy Voo -
Output (Strobe STR00-07, DO-D7, SGA-SGP) v
Logic “1” (I .oag = 10 MA) Von -15 -1.0 Vss
Logic “1” (I oag = 20 MA)2 Vo — - 20 ss
Logic “0” (I oag = 0 MA) VoL Vag 0.5+Vgg 0.95x Vgg

Notes:

1. Open drain driver. Requires external pull-down resistor for testing only.
2. STRO0-STRO7 only (also for DO-D7 when used as character drivers)

3. Typical measured at Vpp = 20.0V and Y, = 25°C.
4. Max. values are most positive limits. Min. values are most
negative limits.
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AC CHARACTERISTICS

Characteristic Symbol Min. Max. Unit
Clock Timing Cycle Time teve
Commercial 6.66 230 usec
Industrial 5.88 240 usec
HOST INTERFACE TIMING
Serial Clock (SCLK)
On Time tscon 12 400 usec
Off Time tscorF 10 — usec
Cycle Time tscevc 2.2 — usec
Serial Data (DATAIN)
Set-up Time tsseTup 400 — nsec
Hold Time tsHoLp 400 — nsec
Serial Clock to LD Time tsL 600 — nsec
LD to Serial Clock ts 400 — nsec
Data Load (LD)
On Time tLoon 10 — usec
Off Time (Commercial t pore 46.0 — usec
Off Time (Industrial) tLDoFF 480 — usec
Cycle Time (Commercial) tuoeve 69.0 — usec
Cycle Time (Industrial) tiocve 720 — usec

Note:
t. and t; = rise and fall time of clocking signals which are 10 to 30 nsec.

tsceve
fe——tscon tscorr
le t, — |t — et
N / N
SCLK ‘ ’— —_—
ts
[e— tg —>1<— tLpon —>|
<—tLporrF
2 3
LD
tioeve I
tsseTup e [ fsHoro
X QOOECE000090 000000000 000000 — - T T — —
DATA IN. XXX DATA VALID  XARAASEEDOOOEOLECIN, DATA VALID IXXXKKKKKKRIRR®Y

Serial Interface Timing Waveforms
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1 DISPLAY CYCLE

l«<— 61 BIT TIMES 1024 BIT TIMES

sto —

P—:I 3 BIT TIMES

ST1
1

ST2
1

ST3

ST4 1

1

ST5
ST6

ST7
DO

D1

D2

D3

D4

D5

D6

D7

-

< 61 BIT TIMES
U

SGX

—>‘ |<— 3 BIT TIMES

Notes:
1.tcyc = 2 bit times.
2. Timing shown is for 16 characters with a duty cycle of 61.

Display Scan Timing Diagram

FUNCTIONAL DESCRIPTION

All timing signals required to control the display are generated
by the 10955 device after the display buffer and control registers
have been loaded from the host processor. In the following func-
tional description, refer to the 10955 block diagram.

Input data is loaded into the Display Data Buffer via the serial
data input channel. Internal timing and control logic synchronize
the digit output signals with the segment output signals to pro-
vide the proper timing for the multiplexing operation. The seg-
ment decoding is performed in a 128 x 16 PLA character code
set.

CHARACTER DRIVERS (STR00-STR07)

The eight character (grid) drivers are used to select the display
character positions sequentially during a refresh scan. Display
characters are illuminated when the character driver for a par-
ticular character position and the segment (anode) drivers are
energized simultaneously.

DISCRETE DRIVERS (D0-D7)

The function of these eight drivers depends on the display mode.
In some modes these drivers act as segment (anode) drivers
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loaded directly from the Data Buffer (RAM). In other modes these
drivers are used as extra character (grid) drivers (STR8-STR15).
See Display Modes for further discussion of these driver
functions.

SEGMENT DRIVERS (SGA-SGP)

Depending on the display mode, the sixteen segment drivers
are loaded through an 8 x 16 PLA decoder or directly from the
Data Buffer RAM.

SYSTEM CLOCK

Each 10955 device has its own on-board oscillator and clock
generator.

POWER-ON RESET

The Power-On Reset (POR) input initializes the internal circuits
of the 10955. This is normally performed when power (VDD) is
applied. The following conditions are established by application
of POR:

a. The grid and anode drivers (STR00-STR07, DO-D7, and SGA-
SGP) are in the off state.
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b. Duty Cycle register is set to zero.

c. The Digit Counter is set to 32 digits.

d. The Buffer Pointer is set to zero.

e. The Digit Time js set to 64.

f. The PLA Bypass/Sixteen Digit display mode is set.

At power on, the 10955 is held in an internal halt mode. This
allows the host system to load the control registers and the data
buffer without flashing invalid data on the display.

During the initial rise time of VDD at power turn-on, the magni-
tude of VGG should not exceed the magnitude of VDD.

HOST SYSTEM INTERFACE

Input data is loaded into the 10955 via a serial data input chan-
nel as a series of nine-bit words.

After nine bits of data (with the most significant bit first) have
been shifted into the data buffer, a pulse on the LD signal loads
the data into an internal buffer and informs the 10955 that a new
data word is available. After the LD pulse, a new data word may
be shifted in while the 10955 is processing the first word.

The following sections describe the format and functions of the
input words which may contain either control data or display
data.

Display Data Words

Display data words are loaded as nine bit codes. The lower eight
bits (7-0) are data. The ninth bit (the most significant) is always
a zero (0).

Sixteen display data words must be entered to completely load
the Display Data Buffer. The Buffer Pointer is automatically
incremented after each data word is stored in the buffer. The
Buffer Pointer will automatically reset to character position 0
when its value is equal to the programmed digit count value.
The Buffer Pointer may be set to any desired value with the
Buffer Pointer Control Word. This permits arbitrary loading of
the Display Data Buffer.

Control Words

Control words are distinguished from display words by the fact
that the most significant bit is always a one. Control words and
their functions are defined below.

BIT

DUTY CYCLE, DIGIT COUNT, BUFFER POINTER

~—— CONTROL REGISTER

8 7 | 6 5 | 4 | 312 |11 ,0
T T 1 I l I
DATA

1 CODE PLA MODE ‘CONFIG‘l DIGIT TIME
0 1 X X X X X X
1 0 0 X X X X X
1 1 0 0 X X X X
0 0 0 X X X X X
0 0 0 X X Y 0 0
0 0 0 X X Y 0 1
0 0 0 X X Y 1 0
0 0 0 X X Y 1 1
0 0 0 X X 0 z z
0 0 0 X X 1 z z
0 0 0 0 0 Y z z
0 0 0 0 1 Y z z
0 0 0 1 0 Y z z
0 0 0 1 1 Y z z

DUTY CYCLE CONTROL
DIGIT COUNT CONTROL
BUFFER POINTER CONTROL
CONTROL REGISTER
(5 bits coded as shown below)
64 cycles per grid
16 cycles per grid
32 cycles per grid

8 cycles per grid
16 digit configuration

8 digit and two output
PLA bypass
Reserved for upgrade
Lower 64 PLA (64U)
Lower 64 PLA (64L)
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Buffer Pointer

The Buffer Pointer Control code sets the Display Data Buffer
Pointer. The five least significant bits of the code are loaded into
the Buffer Pointer to select the character position as shown in
Table 1.

Table 1. Load Buffer Pointer Codes
Load Code Pointer Character Position
Value Value Selected
co 00 0
c1 o 1
c2 ‘02 2
Cc3 03 3
C4 04 4
C5 05 5
Ccé6 06 ‘6
c7 07 7
c8 08 8
c9 09 9
CA 0A 10
cB 0B 1
cc oc 12
CcD oD 13
CE OE 14
CF OF 15
Note: DO-DF (Not Used)

Digit Count Control

The Digit Count Control command defines the number of char-
acter positions (grids) to be controlled. This code is normally used
only during initialization routines, but it may also be used in con-
junction with the Duty Cycle Control code to extend the range
of brightness control. Strobing begins at character position 0
and proceeds thru the last position specified. If more than 16
grids are selected (17-32), extra time slots are generated for
these phantom strobes. When the phantom strobes are active,
strobes 0 through 15 are off so the displayed data is not affected

although the duty cycle is decreased as each phantom strobe
is added. The code, digit count value, and number of grids con-
trolled by the Digit Counter are shown in Table 2.

Table 2. Load Digit Counter Control Codes

Digit No. of Grids
Code Counter Value Controlled
80 00 32
81 01 1
82 02 2
83 03 3
84 04 4
85 05 5
86 06 6
87 07 7
88 08 8
89 09 9
8A 0A 10
8B 0B 11
8C oc 12
8D oD 13
8E 0E 14
8F OF 15
90 10 16
91 11 17
92 12 18
93 13 19
94 14 20
95 15 21
96 16 22
97 17 23
98 18 24
99 19 25
9A 1A 26
98 1B 27
9C 1C 28
9D 1D 29
9E 1E 30
9F 1F 31
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Duty Cycle

The Duty Cycle Control code is used to turn on and off the
display, to adjust display brightness, or to modify display tim-
ing. The time slot for each character is 8, 16, 32, or 64 internal
cycles (an internal cycle = 1/2 tcyc as selected by the Digit

Time codes in the control register. The segment and digit drivers
for each character may be turned on for a maximum of 5, 13,
29, or 61 cycles with a 3 cycle mandatory inter-digit off time.
The lower six bits of the Duty Cycle Control code are loaded
into the Duty Cycle Register. Resultant duty cycles (on-times
and off-times) are shown in Table 3.

Table 3. Duty Cycle Control Codes

Digit Time = 8 Digit Time = 16 Digit Time = 32 Digit Time = 64
Code On oft On oft On off On off
40 — 8 — 16 — 32 - 64
41 — 8 — 16 — 32 — 64
42 — 8 — 16 — 32 — 64
43 1 7 1 15 1 31 1 63
44 2 6 2 14 2 30 2 62
45 3 5 3 13 3 29 3 61
46 4 4 4 12 4 28 4 60
47 5 3 5 11 5 27 5 59
48 5 3 6 10 6 26 6 58
49 5 3 7 9 7 25 7 57
4A 5 3 8 8 8 24 8 56
4B 5 3 9 7 9 23 9 55
4C 5 3 10 6 10 22 10 54
4D 5 3 1 5 1 21 11 53
4E 5 3 12 4 12 20 12 52
4F 5 3 13 3 13 19 13 51
50 5 3 13 3 14 18 14 50
51 5 3 13 3 15 17 15 49
52 5 3 13 3 16 16 16 48
53 5 3 13 3 17 15 17 47
5B 5 3 13 3 25 7 25 39
5C 5 3 13 3 26 6 26 38
5D 5 3 13 3 27 5 27 37
5E 5 3 13 3 28 4 28 36
5F 5 3 13 3 29 3 29 35
60 5 3 13 3 29 3 30 34
61 5 3 13 3 29 3 31 33
62 5 3 13 3 29 3 32 32
7C 5 13 3 29 3 58 6
70 5 3 13 3 29 3 59 5
7E 5 3 13 3 29 3 60 4
7F 5 3 13 3 29 3 61 3
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Control Register

There is a 5-bit control register, which can be loaded by the
control word, 000XXYZZ. The lower 5 bits of this control word
are loaded into the control register.

The least significant two bits of the control register set the total
Digit Time for each character during the refresh cycle. Four
values can be set using the codes, 8, 16, 32, or 64 cycles per
grid. The default value set at power-on is 64 cycles per grid. Un-
der conditions where the display can be subjected to quick move-
ments during viewing (e.g. portable or vehicle mounted
applications) it may be necessary to increase the refresh rate
by selecting 8, 16 or 32 cycles per grid with the appropriate
control codes.

The middle bit of the 5 bit control register determines the six-
teen digit or eight digit configurations. The two most significant
bits select one of the four PLA Modes.

DISPLAY MODES

The 10955 can operate in any of eight display modes which
control the maximum number of active strobes and segments
and the manner in which the RAM Data Buffer is decoded onto
the segment drivers.

16 Digit Configuration

If the third bit of the control register is zero or is reset by the
POR signal, the 16 digit configuration is selected. In this case,
a maximum of 16 segments and 16 strobes are provided. The
16 words in the RAM Data Buffer correspond to the 16 strobes.
The 8 data bits of each word are sent to the PLA for decode.

8 Digit Configuration

If the third bit of the control register is a one, the 10955 is con-
figured into the 8 digit mode. In this case, a maximum of 8
strobes and 24 segments are allowed. The 8-bit words in the
RAM Data Buffer are grouped into 8 word pairs which correspond
to strobes STRO-STR7: 0-1, 2-3, 4-5, 6-7, 8-9, 10-11, 12-13, and
14-15. The data in the even-numbered word of each pair is load-
ed into the direct-output segment drivers (D0-D7). The data in
the odd-numbered word of each pair is decoded in the segment
PLA decoder before being loaded into the 16-segment output
drivers (SGA-SGP).

PLA Bypass Mode

If both of the most significant bits of the control register are zero,
the PLA Bypass Mode is selected. In this mode, the PLA is
bypassed. Each data word is loaded directly into the segment
drivers without being decoded by the PLA. Since there are only
8 data bits but 16 drivers, each data bit is loaded into two
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adjacent drivers which can be connected externally to provide
twice the current drive of an individual driver. The data
bits/segments selection allocation is as follows:

Data bit
Segments O,P MN KL

7 6 5 4 3 2 1 0
IJ GH EF CD AB

Upper 64 PLA Mode (64U)

In this mode (bit 5 =1, bit 4 = 0) the Upper 64 out of the 128 codes
are used, (i.e., 64 to 127). Since 64 codes can be specified by
a 6-bit word, the most significant two bits of the 8-bit word from
the RAM are not used. However, the most significant two bits
of the display data are brought out directly to SEGO and SEGP
outputs. Therefore, the 64 codes can be decoded to the
16-segment outputs, or only 14-segment outputs leaving two for
direct output from the RAM.

Lower 64 PLA Mode (64L)

This mode (bit 5=1, bit 4=1) is similar to the Upper 64 PLA
Mode, but only the lower 64 codes (0-63) out of the 128 codes
are used. The 64L and 64U PLA modes allow two independent
sets of 64 codes to be programmed into one chip. In running
the display, only one set can be selected at a time.

Fourth PLA Mode

A fourth PLA mode is reserved for future expansion of the 10955.
This code (bit 5 =0, bit 4 = 1) should not be used. Selecting this
PLA mode may result in non-defined characters appearing on
the display.

PLA CHARACTER SET CODES

Figure 1 shows the 16-segment and 14-segment driver assign-
ments for the corresponding segmented displays. Figure 2
shows the 16-segment and 14-segment PLA character set
patterns coded into the 10955.

@\E?J@l @\@@@
@@@%l @@@%l

16-Segment

14-Segment

Figure 1. Seg| t Driver A
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Figure 2. 16- and 14-Segment PLA Character Sets
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PACKAGE DIMENSIONS

40-PIN PLASTIC DIP

MILLIMETERS INCHES
MIN | MAX | MIN | MAX

40

o
E3

51.28 | 52.32 | 2.040 | 2.060
13.72 | 14.22 | 0.540 | 0.560
3.55] 5.08]0.140 | 0.200

0.36 | 0.51 0014 ] 0.020
1.02 ] 1.520.040] 0.060

2.54 BSC 100 BSC
1.65] 2.16 | 0.065 | 0.085
0.20 | 0.30 | 0.008 [ 0.012
330|432 | 0130 | 0170
1524 BSC | 0.600 BSC
7° 10° | 7° | 10°
0.51 | 1.02]0.020 | 0.040

8
50
= |
=
I

-
zZ|z|r|x Imﬂuulw)»

5-60




Section 6
Application Notes

Page

Low-Cost Crystal Oscillator for Clock Input . ........... . 6-3

R6500/R6532 Timer Interrupt Precautions ......... ... .. ... .. ... ..ot 6-4
A Dot Matrix Controller System Design Using 10938/10939 Display Drivers

and RB500/1EB MicroCompuUter . .. ... . 6-6

Intelligent Display Controller Designer’'s Notes ................o .. 6-22

6-1



6-2



R6500
Application Note

N

Rockwell .

Low-Cost Crystal Oscillator

for Clock Input

PURPOSE

This application note describes a low cost oscillator circuit which
will produce the basic input frequency required by the clock
generator circuits in the Rockwell R65XX series microprocessors.
This circuit can be constructed around either of two readily-
available, low cost crystals. Both crystals are approximately the
same cost, depending on source and quantities. These crystals,
identified in the table below, may be obtained from Electro
Dynamics, 5625 Foxridge Drive, Shawnee Mission, Kansas

66201, by ordering Part No. 333R05-001 (3579 MHz) or 59672
(419 MHz).

The oscillator output frequency is divided by 2 or by 4 to pro-
vide any of the frequency options shown in the table. By trading
off the slight deviation in frequency from the standard 1 MHz
or 2 MHz clock with cost, this approach can reduce the cost of
the oscillator circuit to less than $2.00 each in quantity buys.

Crystal Output Frequency (MHz)
Primary Use Frequency Divided By 2 Divided By 4
Color TV
P/N 333R05-001 3.579545 MHz 1.7897 0.894886
Automotive Clock
PIN 59672 4.194304 MHz 2.097152 1.048576
DESCRIPTION

The clock input frequency generator shown in the schematic con-
sists of an oscillator circuit requiring one IC and a divide by 2
or by 4 circuit which also requires only one IC. The output of
this circuit is applied to the (0) input of the R650X microcom-
puter clock generator circuit.

I_ OSCILLATOR CIRCUIT
(ONE TTL PACKAGE REQUIRED)

1.8K
VWA

The oscillator circuit uses three of the six drivers in a standard
7404 and a crystal to produce an output. The oscillator output
is input to a standard 7474 and the frequency is divided by either
2 or 4 depending on the jumper connections (A or B), as shown
in the schematic.

c _
1 S°8
4 10

“T = TowviEsvzoracircur |
| (ONE TTL PACKAGE REQUIRED) |
+5V +5V |
I é) 1 A (513 | TO R650X
R - R cLocK
[ 21° °5—6?j¥° Qﬁ’INPUT
| Ic2 g 12 (90)
| 7474 7474 [
3¢ s @ I
|
|
I

+5V

Clock Input Frequency Generator

‘Document No. R6500N01

Application Note
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Timer Interrupt Precautions

R6500/R6532

PURPOSE

The R6532 is a RAM, 1/0, timer (RIOT) combination device. The
timer is an on-board count-down circuit and may be programmed
to cause interrupts to the R6502 microprocessor. The timer inter-
rupt is enabled by simply addressing the R6532 with the
necessary selects and address bits. It is not necessary to load
any internal registers to enable the interrupt, only to address
the device.

The R6502 (or one of its 28-pin versions) microprocessor can
inadvertently cause addressing of the R6532 (or other devices
with a timer) during start-up or RESET operations. When RES
is driven low, the R6502 and R6532 are initialized to known inter-
nal states. When RES goes high, however, the start-up
procedure is initiated and the first two cycles contain arbitrary
or random addresses on the bus. Table 1 illustrates the cycles
immediately following RES going high.

In most cases, this is normally not a problem, since the occur-
rence of RES causes the R6502 IRQ interrupt to be disabled.
However, if the R6532 interrupt output is connected to the NMI
(Non-Maskable Interrupt) input of the R6502 and the R6532 timer
interrupt is inadvertently enabled during start-up, a timer inter-
rupt may occur before the processor has executed its system
initialization procedure. The possibility of all these things hap-
pening is somewhat remote, but can be a potential problem.

DESCRIPTION

There are several solutions to this problem:

1. Use the IRQ interrupt input of the R6502, instead of NMI. In
this way, the IRQ interrupt is automatically disabled by RES
and the R6532 timer interrupt cannot occur.

2. Use separate RES signals for the R6502 and the R6532. In
order to avoid the first two cycles of the start-up (wherein the
addresses are unpredictable), it is necessary to hold the RES
to the 6532 low after the RES to the R6502 goes high. This is
illustrated in Figure 1.

RES
(TO R6502)

I

i2-10,

| usec. |
(TO R6532) ]

Figure 1. Delayed Reset to R6532

Table 1. Start-Up Cycle

Cycles Address Bus Data Bus External Operation Internal Operation
1 2 ? Don’t Care Hold during Reset
2 ?+1 ? Don’t Care First Start State
3 0100 + SP ? Don't Care Second Start State
4 0100 + SP-1 ? Don’t Care Third Start State
5 0100 + SP-2 ? Don’t Care Fourth Start State
6 FFFC Start PCL Fetch First Vector
7 FFFD Start PCH Fetch Second Vector Hold PCL
8 PCH PCL First OP CODE Load First OP CODE

Document No. R6500N02
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R6500/R6532 RIOT Interrupts

3. Gate the R6532 IRQ output to the R6502 NMI input with a
circuit which is enabled by the initialization routine of the proc-
essor. Figure 2 shows a possible configuration, with the gate
enabled only when the processor does a write operation with
A15 high. Note that this scheme essentially allows disabling
of the NMI in the R6502.

There are likely to be many other solutions to this problem. These
ideas are intended to provide some simple ones and to provoke
thought for others from the reader.

6-5
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RES RES
o A15 o
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(< RIW o
NMI | IRG

Figure 2. Scheme for Gating to the NMI Input
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A Dot Matrix Controller System
Design Using the 10938/10939 Display
Drivers and R6500/1EB Microcomputer

by Terry Christensen and Tal Klaus,
Semiconductor Products Division, Newport Beach, California

INTRODUCTION

The Rockwell 10938 and 10939 Dot Matrix Display Controller
is a two-chip MOS/LSI general purpose display controller system
designed to interface a host processor to dot matrix displays
(vacuum-fluorescent or LED).

This application note describes how this chip set can be used
to drive a 40 character 5 x 7 dot matrix vacuum-fluorescent
display. For demonstration purposes, a Futaba 40-SD-41Z dis-
piay is used and a Rockwell R6500/1EB Backpack Emulator
serves as the host. With appropriate adjustments to the power
supplies, the interfacing technique described is valid for all sim-
ilar displays and any host processor. Since the display has 40
grids, two 10939s are required.

The two chip set will drive displays containing up to 35 anodes
(dots or segments) and 20 grids (characters).

The 10938 controls the anodes. It contains the anode drivers
and a PLA-type decoder programmed to generate the 5 x 7 dot
patterns for the full 96 character ASCII set. A similar device, the
10941, is programmed to generate the ASCII character set for
16 segment displays as well as bar graph patterns. The anode
driver chips may be driven in parallel to generate patterns for
more than 35 dots. An example of this is the 10942/10943
anode driver set which is programmed to generate patterns for
5 x 12 dot matrix displays.

The 10939 controls the grids. In addition to 20 grid drivers, it
contains a cursor driver, a 20 character display data buffer, logic
to control grid timing and display refresh, and the host interface
logic. These devices may be cascaded to drive displays with as
many as 80 grids. Since the 10939 performs the grid strobing
and display refresh functions, the host processor need only
define the operating parameters (such as duty cycle and char-
acter count) and update the display message.

The hardware section of this document describes the demon-
stration system and explains the operation of the display con-
troller chip set. The software section describes several methods
of controlling the display drivers and the display output.

DESCRIPTION OF HARDWARE

The simplicity of the hardware to drive the display is shown in
the Figure 1 schematic and is presented in three sections: the
host processor, the display drivers and the power supply.

Host Processor

The host processor for this application is a Rockwell R6500/1EB
Backpack Emulator which is the PROM prototyping version of
the masked-ROM R6500/1 Single Chip NMOS Microcomputer.
The R6500/1EB is totally upward/downward compatible with all
members of the R6500 family. It is designed to accept standard
5-volt 24-pin PROMs, EPROMs or ROMs directly in a socket on
top of the emulator which simplifies program development. A
2 MHz crystal provides the timing reference for the generation
of a 1 MHz internal clock. Reset to the emulator is supplied
during power on while the RC circuit is charging. The system
can be reset at other times by the push button switch.

Data may be transferred from a host processor to the display
controller in either a parallel or a serial mode. In this application,
parallel data is sent from port B of the emulator chip to the 10939
data ports. Emulator lines PCO and PC1 control the load lines
of the 10939s. Line PDO on the emulator chip controls the reset
circuit that drives the POR lines of the 10939s. This places the
reset of the display controllers under software control. A level
translator circuit converts the 0 to +5V TTL levels of the host
to the +5V to —15V levels of the display controller devices.

Display Control

The display driver chip set interfaces directly with the vacuum
fluorescent display tube. The selected display tube hasa5 x 12
dot matrix. For this demonstration, rows one through seven are
connected to the 10938 anode drivers to serve as a 5 X 7 dot
matrix. The dots of row nine are connected together to form a
cursor and the anodes of rows 8, 10, 11 and 12 are unused.

The two 10939 devices are connected in daisy-chain fashion.
Each 10939 device has its own on-board oscillator and clock
generator. However, when more than one 10939 is used in a
system, the same clock must be used for all devices. The
MASTER pin on the 10939 device which is to supply the system
clock must be connected to VDD, but on the other 10939 device,
the slave, the MASTER pin is connected to VSS. These con-
nections activate the oscillator on the master 10939 and cause
athree-level four-state signal to be output on the CLOCK output.
The oscillator on the slave 10939 is deactivated. The internal
clock generators on both the master and slave devices use the
signal on the CLOCK pin as an input. This minimizes the skew
between master and slave devices.

As shown in the schematic, for this application, the master
10939 controls the left half of the display and the slave controls
the right half. Strobe 0 (STR00) controls the left most digit (MSB)
and strobe 19 (STR19) controls the right most digit (LSB) of
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10938/10939 Display Controller System

each half of the display. The cursor outputs are diode ORed to
prevent ghosting and they are pulled down to VGG to provide
a normally off signal to the display.

A two line synchronization port (SOP and SIP) insures that only
one 10939 device at a time drives the display. When one 10939
outputs its last character, it emits a pulse on SOP. The next
10939 receives this pulse on its SIP input and starts its display
cycle. This sequence continues through all of the 10939’s in a

chain. The SOP of the last 10939 is connected back to the SIP
of the first 10939 to start another cycle. The limit to the number
of 10939’s in the chain is determined by: 1) the load on the clock
output on the master 10939, and 2) the display refresh require-
ments. The synchronization signal propagates during the last
character time of its own 10939 and thus does not require any
extra time before the first character of the next 10939. The duty
cycles of all the 10939’s in the chain must be the same.

+5
1Na747 5t v
20v ¥ S 91K
-15v S w
a
3900 115 VAC )
7 ) G3VRMS | FILAMENT
—35v { >
IN4735
-6.8V
-35v
EXTAL R10938
] | nows
2mHz [ SG1-SG35 ] THRU
T ROW 7
XTAL VGG f—e -35v
vss |—e +5v
${ DATA-LOAD
VDD }——e -15V
»| scLk-nis
VAR |¢
DATA-LOAD vss |—e +5v
MASTER } TUTABA
—15v A
R6500/1EB SCLK-DIS VDD 40-SD-412
MASTER
R10939
() »{ LD STROC-STR19 A\ 621640
+5V gl \ P
»| D07 VGG |—e -35v
10k POR CURSOR bt
PDO 2N2907 \N40o1
CLOCK SIP SOP
. 5
\
ROW 9
y 3 N\
a3k CLOCK SOP _SIP aoot soK
POR CURSOR —p}
~15V \ 8 . a
PBO-PB7 \\ —»| D07 - VGG [—e -35V sV
pC1 o 2
v STROO-STR19 \T —{ Go1-G20
SLAVE
R10939
DATA-LOAD vss
+5V
MASTER
SCLK-DIS VDD f— -15v

Figure 1. Display System Schematic
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Display data and timing is output to the 10938 device via a two
line serial port consisting of the SCLKDIS and DATALOAD pins.
In order to minimize the number of package pins, these outputs
are multiplexed, three-level, four-state drivers.

The SCLKDIS signal is composed of the shift clock which shifts
new data into the 10938 device and a disable signal which sets
all of the 10938 display output drivers to the display off state.
The DATALOAD signal is composed of serial 8-bit ASCII data
and a load signal to transfer the new data from the 10938 input
buffer through the PLA to the display driver outputs. The ASCH
data is output with the most significant bit first.

10938 Pin Functions

Signal Name Pin No. Function
Vss 2 Power and signal reference
SG01-SG35 3-25, 27-38 | Anode driver outputs
SCLK-DIS 39 Serial data shift
DATA-LOAD 40 Serial data output/latch control
Voo 1 DC Power
Ves 26 Pull down driver voltage
Voo 1 40 0 DATA-LOAD
Vee O 2 39 ) SCLK-DIS
SG35 4 3 38 O SGO1
SG34 4 37 0 SG02
SG33 5 367 SG03
SG32 6 35 SG04
SG31 (7 347 SGOS
SG30 8 337 SGO6
SG29 9 32 SGO7
S§G28 ] 10 31 SGo08
SG27 11 30 0 SGO09
SG26 12 291 SG10
§G25 {13 28 O SG11
SG24 14 27 7 SG12
SG23 15 26 () Vgg
sG22 16 25 4 SG13
SG21 17 24 SG14
SG20 ] 18 23 SG15
SG19 19 22 1 SG16
SG18 ] 20 21 SG17
10938 Pin Configuration
10939 Pin Functions
Signal Name Pin No. Function
Vss 36 Power and signal reference
Voo 37 DC Power
CLOCK 38 Synchronization Clock
CURSOR 14 Cursor drive output
MASTER 39 Master/Slave Mode control
SiP 3 Sync Input
SOP 2 Sync Output
D0-D7 6-13 Serial or parallel data input
LD 5 Inputn data strobe
POR 4 Power-on reset
SCLK-DIS 1 Serial data shift clock
DATA-LOAD 40 Serial data output/latch control
STRO0-STR19 15-34 Grid Drive Outputs
Ve 35 Pull down driver voltage

6-8

Power Supply

The power for this application is derived from two linear power
supplies for VSS (+5 Vdc) and VGG (—35 Vdc). A third level
for VDD (—15 Vdc) is obtained from a zener reference between
VSS and VGG. Power requirements at room temperature (25°C)
are as follows:

VSSs +5 - +0.5 Vdc @ 40 ma
VDD —-15 +1.5 Vdc @ 12 ma
VGG -35+3.5Vdc @ 16 ma

These levels are for worst case operation, i.e., with all 35 dots
ON. For normal alphanumeric display characters, the VGG
power to the 10938 is reduced by 50 percent for a total of about
11 ma. At 0°C operation, the power requirement would increase
about 20 percent.

In addition to the dc levels for the IC devices, the vacuum-flu-
orescent display tube also requires an ac filament voltage. The
filament power for the Futaba 40-SD-41 display tube is typically
6.3 Vac at 150 ma. This is driven from a center-tapped trans-
former and biased at 6.8 V above VGG with a zener diode as
shown in Figure 2.

SCLK-DIS O 1 40 [0 DATA-LOAD
SOP [ 2 39 1 MASTER
SIP 3 38 {1 CLOCK
POR O 4 37P Voo
b 45 36 P Ve
Do 06 350 Vg,
pt Q7 34 [0 STROO
D2 08 33 0 STRO1
D3 09 320 STRO2
D4 O 10 311 STRO3
ps O 11 30[1 STRO4
D6 O] 12 29 (1 STRO5
D7 13 28 [1 STRO6
CURSOR (] 14 27 ) STRO7
STR19 (] 15 26 1 STRO8
STR18 (] 16 25 [ STRO9
STR17 ] 17 24 1 STR10
STR16 (] 18 23 O STR11
STR15 (] 19 22 0 STR12
STR14 (] 20 211 STR13

10939 Pin Configuration
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vss -——-——---—T--
10938
ANODE
DRIVER
1
I =~
- \
10939 —-——— !
DIGIT ,
DRIVER -
I -V Ef
] ‘?4; Ek pabhy
VGG
vss

RGN
v e L

VGG -I =

Figure 2. Basic Drive Circuit

DISPLAY OPERATION

At power on, the 10939 is placed in an internal host mode with
reset from the R6500/1EB. This allows the host system to load
the control registers and the data buffer without flashing “gar-
bage” on the display. The normal display refresh sequence is
started upon receipt of a START REFRESH control code. Only
the master 10939 in a multi-chip system will recognize the
START REFRESH code. The master will start the slave(s) at
the appropriate time by using the SOP signal.

During the initial rise time of VDD at power turn-on, the mag-
nitude of VGG should not exceed the magnitude of VDD.

Data bytes may be loaded into a 10939 in either a serial or a
parallel data load mode. At power-on reset, the device is set to
serial load mode. The parallel load mode is implemented when
any of the six data input lines D2-D7 is raised to VSS (TTL logic
“17”). After the parallel load mode has been implemented, the
chip must be reset to return to serial load mode.

When using serial data load mode exclusively, it is recom-
mended that input lines D2-D7 be externally tied to VDD to pre-
vent inadvertent implementation of the parallel load mode. The
data line DO is used for data input, and the serial clock is input
on D1. After eight bits of data (with the most significant bit first)
have been shifted into the data buffer, a pulse on the LD signal
loads the data into an internal buffer and informs the 10939 that
a new data word is available. After the LD pulse, a new data
word may be shifted in while the 10939 is processing the first
word.

In parallel mode, data bytes are loaded into the 10939 by
loading the data onto D0-D7, then pulsing the LD input. Before
sending data to the chip, implement the parallel load mode by
toggling the data lines. This will not be effective unless it is done
after POR has gone low.
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In this application, the data lines for both 10939s are controlled
by emulator port B. The LD lines determine which device accepts
the output data.

SOFTWARE

The subroutines of this section control the display in the previ-
ously described system. Included are examples of display driver
initialization, data transfer to the display drivers and display
scrolling. The routines are written in 6502 Assembly language
and assume 1 MHz operation. With minor modifications, they
may be used for a system having a display with a different grid
count.

The following definitions are used throughout:

CONSTANTS
MRS = $02 MASTER 10939
SLv = $01 SLAVE 10939
ALL = $03 BOTH 10939'S
DUT = $5A DUTY CYCLE = 24/32
DT = $06 DIGIT TIME = 32
cc = $94 CHARACTER COUNT = 20

RAM
* =$0

HOLD  *= % +1 LOAD LINE SELECT

BIT 1 = MASTER 10939 (UPPER 1/2 OF DISPLAY)

BIT 0 = SLAVE 10939 (LOWER 1/2 OF DISPLAY)
KNTR %= % +1 COUNTER FOR # OF DIGITS TO OUTPUT
KNT2 * = % +1 COUNTER FOR DISPLAY ROTATION
DATA  * = * +1 DATA TO BE OUTPUT TO 10939'S
SDATA % = * +1 TEMP REG FOR SERIAL QUTPUT
PNTR  x= %+2 TABLE POINTER
BPNT %= %+2 2ND POINTER FOR DISPLAY ROTATION
TEMP %= % +1 SCRATCH PAD
WAITER * = % +1 DELAY LOOP COUNTER

[4e]

PBIO = $081 DISP DATA LINES
PCIO = $082 DISP LOAD LINES

BIT 0 = SLAVE (RIGHT OR LOWER)

BIT 1 = MASTER (LEFT OR UPPER)
PDIO = $083 DISP DRIVER CNTL LINES

BIT 0 = POR
LLATCH = $085 LOWER LATCH
ULATCH = $088 L ULTCH, XFR 2 CNTR, CLR FLG
CR = $08F CONTROL REGISTER
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DISPLAY DRIVER CONTROL WORDS

Control Word Assignments

Buffer Pointer Control Codes

Code Pointer Character
Hex Value Function Value Value Position
01 Load 01 into Data Buffer
05 Set digit time to 16 cycles per grid co 00 0
06 Set digit time to 32 cycles per grid c1 o1 1
07 Set digit time to 64 cycles per grid c2 02 2
08 Enable Normal Display Mode (MSB in data c3 03 3
word is used for cursor control only) C4 04 4
09 Enable Blank Mode (data words with MSB = 1 C5 05 5
will be blanked and cursor will be on) c6 06 6
0A Enable Inverse Mode (data words with MSB = 1 c7 07 7
will be “inversed” and cursor will be on) c8 08 8
0E Start Display Refresh Cycle (use only once Co 09 9
after reset) CcA 0A 10
40-7F Load Duty Cycle Register with lower 6 bits (0-63) c8 08 n
80-9F Load Digit Counter (80=32, 81=1, 82=2, etc.) gg gg }g
C0-D3 Load Buffer Pointer Register with lower 5 bits CE post 14
CF OF 15
Do 10 16
D1 1" 17
Duty Cycle Control Codes gg 1§ :g
Digit Time = 16 | Digit Time = 32 | Digit Time = 64
Code On Off On off On off
40 —_ 16 —_ 32 — 64
41 — 16 — 32 — 64
42 - 16 - 32 - 64 Load Digit Counter Codes
ﬁ ; :i 12 g; ; gg Digit No. of Grids
45 3 13 3 29 3 61 Code Counter Value Controlled
46 4 12 4 28 4 60 80 00 32
47 5 " 5 27 5 59 81 01 1
48 6 10 6 26 6 58 82 02 2
49 7 9 7 26 7 57 83 03 3
4A 8 8 8 24 8 56 84 04 4
4B 9 7 9 23 9 55 85 05 5
4C 10 6 10 22 10 54 86 06 6
4D 1 5 1 21 1" 53 87 07 7
4E 12 4 12 20 12 52 88 08 8
4F 13 3 13 19 13 51 89 09 9
50- 13 3 14 18 14 50 8A 0A 10
51 13 3 15 17 15 49 8B 0B 1
52 13 3 16 16 16 48 8C oc 12
53 13 3 17 15 17 47 ‘8D oD 13
. . 8E OE 14
8F OF 15
. . . . . . . 90 10 16
58 13 3 25 7 25 39 91 1 17
5C 13 3 26 6 26 38 92 12 18
5D 13 3 27 5 27 37 93 . 13 19
5E 13 3 28 4 28 36 94 14 20
5F 13 3 29 3 29 35 95 15 21
60 13 3 29 3 30 34 96 16 22
61 13 3 29 3 31 33 97 17 23
62 13 3 29 3 32 32 98 18 24
. - . . . 99 19 25
9A 1A 26
. . . . . . 9B iB 27
7C 13 3 29 3 58 6 9C 1C 28
7 13 3 29 3 59 5 9D 1D 29
7E 13 3 29 3 60 4 9E 1E 30
7F 13 3 29 3 61 3 9F 1F 31
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Delay Loops

Delay loops DELAY and WATEDO will be frequently referenced.
They are used to control the display driver data load cycle time
and to set display update and scrolling speed.

Y * 50MS DELAY LOOP

SHORT DELAY LOOP
WAIT (17+10 * (ACC+1))US

DELAY LDY #$03 WAIT 150 MS (3 * 50MS)
DLAYO LDA #<50000 LOAD COUNTER WITH 50000 WATEO LDA #$00 WAIT 27US
STA LLATCH WATE STA  WAITER STORE LOOP COUNTER
DLAY1 LDA #>50000 TO GET 50 MS DELAY WATEt NOP
STA ULATCH DEC WAITER
DLAY2 LDA CR BPL  WATE1
BPL DLAY2 RTS
DEY
BNE  DLAY1
RTS
TIMING WAVEFORMS
! Tineve *—!
J= Tioon =} Tioorr |

— —

w o o— [

' T:s\s'rup TpHoLp | 40 psec* < Tiporr

1usec < Tipon

DO0-D7 0 =< Tpgetup
1pusec < Tpuorp

60 usec* < Ty peye
*FOR INDUSTRIAL RATED PARTS SUBSTITUTE 44.5 FOR 40
66.7 FOR 60

Parallel Interface Timing Waveforms
Tsceve
+—Tscon-ste Tscorr—»

D1 l——
(SERIAL CLOCK) — | —_—

JeTis]
= TsL e} Loonr}e TLoore ——»I 2usec <T,
< Tsceve
LD I J— 1usec < Tgcon < 20 usec
Tiocve > 1pusec < Tscorr
|
Tsserup! TshoLp 1usec < Tssetup

(ATA) Mmoo NN\ 1usec < Tioon

———— 1pusec < Tsyop
40 pusec* < Tiporr
60 usec” < Tipcve
1psec <Tig
1usec <Tg
*FOR INDUSTRIAL RATED PARTS SUBSTITUTE 44.5 FOR 40
66.7 FOR 60

Serial Interface Timing Waveforms
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Output A Character—Serial

@ This version of OPUT performs a serial data transfer from the
host system to the selected 10939(s). Load line timing is the

same for serial data transfer as it is for parallel data transfer.
OUTPUT Serial data is shifted into each 10939 most significant bit first.
I COUNTER =8 J It is not necessary to reload character data between load line
pulses so a string of identical characters (when blanking the

display for example) may be loaded by successively pulsing the
| ' load line.
OuUTS1

OUTPUT NEXT OUTPUT A CHARACTER
DATA BIT
(BEGIN WITH SERIAL OUTPUT MSB FIRST
MSB) HOLD = LOAD LINE(S)
+ ACC OR DATA = DATA
SET SERIAL OPUT STA DATA WHEN DATA IN ACC
CLOCK LINE OUTPUT LDX #8508 INIT COUNTER
HIGH LDA DATA FETCH DATA
STA SDATA
‘ OUTS1 ROL SDATA DATABITTOC
r WAIT 1 us MIN J LDA #8301 INIT ACC
& BIT 1 = SERIAL CLOCK LINE
SET SERIAL BIT 0 = DATA BIT
CLOI‘.:OK\AII. NE ROL A DATA & SER CLK IN ACC
STA PBIO OUTPUT DATA, TURN ON SER CLK
+ AND #01
STA PBIO TURN OFF SER CLK
DECREMENT DEX
COUNTER BNE OUTS1 OUTPUT NEXT BIT
ROL SDATA RESTORE CARRY
0 OUTPT LDA HOLD SET LOAD LINE(S) HI
¥ STA PCIO
JSR WATEO  WAIT 20 US
LDA #00 SET LOAD LINE(S) LO
Zo0 STA PCIO
LDA #02 WAIT 40 US
QUTPT . JSR WATE
SET SELECTED RTS

LOAD LINE(S) HIGH

v

r WAIT 20ps ]

v

SET LOAD
LINES LOW

y

[ WAIT 40 ps ]

)

Flowchart: Serial Data Transfer to Display Controllers
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&)

OUTPUT DATA

OUTPT }

SET SELECTED
LOAD LINE(S) HIGH

v

WAIT 20 us

Y

SET LOAD
LINES LOW

T

WAIT 40 s

)

OUTPUT

Flowchart: Parallel Data Transfer to
Display Controllers

)

SEND 01 TO
SELECTED 10939(S)

v

FETCH CONTROL
WORD

y

SEND CONTROL
WORD TO
SELECTED 10939(S)

)

Flowchart: Send a Control Word to
Display Controllers

Output A Character—Parallel

This version of subroutine OPUT performs a parallel data transfer
from the host system to one or both of the 10939's. Note that
this subroutine contains two time delays. These are used to
adjust the load line off and load cycle times. Also, it contains
two entry points. OPUT is used when the output data is in the
accumulator and OUTPUT is used, when the output data has
been stored in RAM location DATA.

OUTPUT A CHARACTER
PARALLEL OUTPUT

HOLD = LOAD LINE(S)
ACC OR DATA = DATA

OPUT STA  DATA WHEN DATA IN ACC
OUTPUT LDA  DATA FETCH DATA

STA PBIO OUTPUT DATA
OUTPT LDA HOLD SET LOAD LINE(S) HI

STA  PCIO

JSR  WATEO WAIT 20 US

LDA  #00 SET LOAD LINE(S) LO

STA  PCIO

LDA  #02 WAIT 40 US

JSR  WATE

RTS

Send A Control Word

CMND sends a control word from the host system to the selected
10939(s). The accumulator is loaded with the control word prior
to the transfer to this subroutine.

SEND A COMMAND
ACC = COMMAND

CMND  PHA
LDA #8301 PREPARE DISPLAY DRIVER
JSR OPUT FOR CONTROL WORD
PLA
JSR OPUT SEND CNTL WORD
RTS
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Initialize Display Drivers

TRNON is an*ex\émple of an initialization routine.

SET UP DISPLAY CONTROLLER
TRNON LDA  #$00
STA PDIO DISABLE 10939'S
STA PCIO SET LOAD LINES LOW
STA PBIO SET DATA LINES LOW
LDY #8301 WAIT 50 MS
JSR DLAYO
LDA  #%01 RELEASE POR
STA PDIO
LDY  #801 WAIT 50 MS
JSR DLAYO
LDA #$FF * PARALLEL DATA LOAD ONLY
STA PBIO * PULSE DATA LINES
LDA  #8$00 *
STA PBIO * PARALLEL DATA LOAD ONLY
TRN1 LDA  #ALL SET DISPLAY CONTROLLER PARAMS
STA HOLD ADDRESS BOTH 10939'S
LDA #CC DIGIT COUNT = 20
JSR CMND
LDA #DT DIGIT TIME = 32 CYC/CHAR
JSR CMND
LDA #DUT DUTY CYCLE = 24/32
JSR CMND
LDA #MRS LOAD MASTER ONLY
STA HOLD
LDA  #$0E START REFRESH CYCLE
JMP  CMND (RETURN VIA CMND)

TRNON

. SET POR
HIGH (VSS)

v

WAIT 50 ms

v

SET POR
LOW (VDD)

v

. SET DATA LINES
HIGH

v

. SET DATA LINES
Low

v

SELECT
BOTH 10939’s

v

SET DIGIT
COUNT

v

SET DIGIT
TIME

v

SET DUTY
CYCLE

v

SELECT
MASTER 10939

v

START
REFRESH CYCLE

*THESE STEPS ACTIVATE
THE PARALLEL LOAD

MODE. OMIT THEM
ON SYSTEMS USING
SERIAL DATA LOAD

Flowchart: Display Controller Initialization
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BLANK The Display

BLNK is a routine which fills the display buffers with blanks. By
preloading HOLD, DATA and KNTR, then entering the routine
at location OUTC, it can be used to display a string of constants.

BLANK DISPLAY

SELECT
BLNK LDA #ALL ADDRESS BOTH 10939'S BOTH 10939's
STA HOLD
LDA  #$CO SET BUFFER POINTER TO ZERO *
JSR CMND
BLN1 LDA #820 ASCIl BLANK PSOEILTBEU: iEoFlo
BLN11 STA DATA
BLN2 LDA #$14 OUTPUT 20 DIGITS BLN1 +
STA KNTR
BNE OUTC1 CHARACTER DATA
= ASCIl BLANK
OUTPUT A CONSTANT
ACC = DATA BLN2 +
KNTR = # DIGITS (MAX=20)
COUNTER = 20
OUTC STA DATA SAVE DATA
OUTC1 JSR OUTPUT SEND IT
DEC KNTR >
BNE OUTC1 ouTC1 v
RTS
OUTPUT
CHARACTER DATA
DECREMENT
COUNTER

Flowchart: Blank the Display
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Load A Message
TOUTO loads the display with data from a table stored in RAM @

or ROM. Locations PNTR and PNTR+1 contain the addréss of
the first byte of data to be fetched from the table. KNTR is pre-
loaded with the number of characters to load. $FF is defined as
an end of table flag so the execution of the routine can be ter- POINT

minated either by the count down of KNTR or the detection of SELECT A
the end of a table. MESSAGE TABLE

ToUT 1

SELECT UPPER
OUTPUT FROM TABLE HALF OF DISPLAY
BUFFER POINTER MUST BE PRELOADED Tou2__ §
WHEN USING ENTRY POINTS BEFORE [ comrer-2 |
TOUTS
OuTT
TOUTO JSR POINT SET UP POINTER [ ormers ]
TOUT LDA #MRS SELECT MASTER —
TOUT1 STA HOLD oo N
TOUT2 LDA #814 20 CHARS MAX [ oo ]
TOUT3 STA KNTR
TOUT4 JSR OUTT SEND IT
TOUTS LDA #5803 SELECT THE OTHER 10939 END ves
EOR HOLD OF TABLE
TOUT7 STA HOLD ?
LDA #8CO BUFF PNTR = 0
JSR CMND
LDA #§14 20 CHARS MAX
TOUT8 STA KNTR | sewooaa ]
JMP OUTTY SEND IT T
OUTT LDY #800 INITIALIZE COUNTER INCREMENT
OUTT1 LDA (PNTR)Y FETCH DATA OFFSET
CMP #SFF END OF TABLE ?
BEQ OUTT2 YES v
JSR OPUT NO: SEND IT DECREMENT
INY POINT TO NEXT TBL LOCN COUNTER
DEC KNTR COUNT DONE ?
BNE OUTT NO
OUTT2 RTS YES: EXIT
LOAD TABLE POINTER
X = OFFSET FOR POINTER TABLE
POINT LDA MESSX FETCH ADDRESS FROM
POINTER TABLE
STA PNTR TRANSFER TO POINTER
REGISTER
LDA MESS+1X
STA PNTR+1
RTS

SELECT OTHER
DISPLAY HALF

| surrer poiNTER =0 |

L— couter-20 |

Flowchart: Display with Table Data
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Message Scroll

The next three subroutines are used for scrolling messages
across the display. SHFI clears the display then shifts in a mes-
sage. SHFTO shifts a message across the display and ROTR
is a loop which repeatedly rotates a message through the dis-
play. These routines may be used separately or combined to
create various effects.

Scroll In A Message

SHFI blanks the display then shifts in a table message. The
embedded transfers to delay loops are used to control the
shifting speed.

CLEAR DISPLAY

SHIFT IN TABLE MESSAGE RIGHT TO LEFT
EXIT WHEN MSD MASTER HOLDS FIRST
CHARACTER OF TABLE

SHFI JSR POINT SET UP TABLE POINTER
JSR BLNK BLANK DISPLAY
JSR DELAY  WAIT

LDA #SLV START WITH SLAVE ONLY
BNE SHF2
SHF1 LDA #MRS LOAD MASTER & SLAVE
SHF2 STA HOLD

LDA  #01 START WITH ONE DIGIT
STA KNT2 SAVE # OF DIGITS
SHF3 STA KNTR

SEC SET BUFFER PNTR = 20 — #
DIGITS

LDA #$14

SBC KNT2

ORA #$C0

JSR CMND

LDA HOLD HOLD DOUBLES AS A FLAG
CMP #MRS
BNE SHF4

JSR TOUT4  OUTPT TO MSTR & SLV

JSR SHFT2 ADD A SPACE IF END OF TABLE
LDA #MRS SET UP FOR NEXT PASS

STA HOLD

JMP  SHF5

SHF4 JSR OUTT OUTPT TO SLAVE ONLY
JSR SHFT2 ADD A SPACE IF END OF TABLE
SHF5 JSR DELAY  WAIT

INC KNT2 ADD ANOTHER DIGIT

LDA KNT2

CMP  #8%15

BNE SHF3

LDA #SLV BUFFER LOADED: WHICH ONE ?
CMP HOLD

BEQ SHF1 SLAVE LDED, ADD MSTR

RTS MSTR & SLV LOADED: EXIT

CLEAR DISPLAY

LOAD SLAVE
BUFFER ONLY

)

SHF3

SET CHARACTER
COUNT =1

Y

SET BUFFER PNTR
= 20 - CHAR COUNT

MASTER

SHF4 SLAVE SET SLAVE BUFFER
POINTER TO 0
LOAD SLAVE
BUFFER +
< LOAD MASTER AND

SHF5 v SLAVE BUFFERS
l WAIT I

INCREMENT

CHARACTER COUNT

SHF1

LOAD MASTER
AND SLAVE

Flowchart: Display Clear and Message Shift In
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Scroll A Message Across the Display

SHFTO blanks the display, shifts in a table message then shifts
the message out of the display while simultaneously shifting in
blanks.

SHIFT TABLE MESSAGE ACROSS DISPLAY

SHFTO JSR  SHFI BLANK DISPLAY, SHIFT IN MESSAGE
SHFTO2 JSR SHFTY SHIFT LEFT 1 DIGIT

JSR DELAY WAIT

BCC SHFTO1

RTS DONE ON C=1

SHFTO1 INC PNTR ADJ PNTR 4 NEXT SHIFT
BNE SHFTO2
INC  PNTR+1
BCC SHFTO2

SHIFT TABLE MESSAGE LEFT ONE
DIGIT. OUTPUT A BLANK IF END
OF TABLE IS DETECTED.

SHFTY LDY #00 INITIALIZE POINTER OFFSET
LDA #MRS SELECT MASTER
SHFTY1 JSR TOUT? OUTPUT MESSAGE
LDA KNTR END OF TABLE ?
BEQ SHFT1 NO
CMP #3$14 YES
CLC
BNE SHFTB SET C=1 IF END OF TABLE
SEC DETECTED AT MSD OF MASTER.
BEQ SHFTB OUTPUT A BLANK
SHFT1  LDA #SLV SELECT SLAVE
SHFT11 JSR TOUT7 OUTPUT MESSAGE
CLC
SHFT2 LDA KNTR END OF TABLE ?
BEQ SHFT3 NO: EXIT
SHFTB STA TEMP YES: SVE XIT CNTR VALUE
LDA  #01 FOR ROTR THEN
STA KNTR OUTPUT A BLANK
LDA  #%20
JSR OUTC
SHFT3 RTS

6-18

I CLEAR DISPLAY j

v
r WAIT |
v

SHIFT MESSAGE
INTO DISPLAY

v

T

SHFT02

SHIFT MESSAGE
LEFT ONE POSITION

END
OF TABLE

NO

OUTPUT A
BLANK

I ]

l WAIT |

NO
SHFTO1

INCREMENT TABLE

POINTER FOR NEXT
SHIFT

Flowchart: Shift Message Across Display
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SELECT MASTER

SHETY1

OUTPUT MESSAGE

END
OF TABLE

NO

SHFT1
SELECT SLAVE SET FLAG
SHFT11 j
OUTPUT —
MESSAGE

END
OF TABLE
?

SHFTB

A 4
OUTPUT A BLANK

SHFT3

A

Flowchart: Shift Message Left One Position
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Rotate A Message—Continuous Loop

ROTR rotates a message on the display.

ROTATE A TABLE MESSAGE-—CONTINUOUS LOOP
MESSAGE MUST BE = 20 CHARACTERS

ROTR  JSR
LDA
STA
LDA
STA
ROTR1 LDA
STA
JSR
BCS
LDA
CMP
BEQ

LDA
PHA
LDA
PHA
LDA
STA
LDA
STA
DEC
BNE
LDA
CMmP
BNE
JSR
JMP
ROTR5 LDA
STA
LDA
STA
JMP
ROTR10 LDA
STA
LDA
CMP
BNE
JSR
JMP

ROTR15 JSR

ROTR20 PLA
STA
PLA
STA
ROTR25 INC

BNE
INC

ROTR26 JSR

SHFI
PNTR
BPNT
PNTR+1
BPNT+1

#00

TEMP
SHFTY
ROTR5
#00
TEMP
ROTR25

PNTR
PNTR+1

BPNT
PNTR
BPNT+1
PNTR+1
TEMP
ROTR10
#MRS
HOLD
ROTR20
SHFT1
ROTR20

BPNT
PNTR
BPNT+1
PNTR+1
ROTR26

TEMP
KNTR
#MRS
HOLD
ROTR15
TOUT4
ROTR20

ouTT

PNTR+1
PNTR
PNTR
ROTR26
PNTR+1

DELAY

SHIFT IN MESSAGE
SAVE TBL ADDRSS FOR WRAP
AROUND

TEMP IS CNTR VALUE 4 WRAP
AROUND

TEMPX0=TBL END DETECTED

SHIFT LEFT ONE DIGIT

TBL END IN MSD DISP ?

NO: TABLE END DETECTED ?

NO

TABLE END: WRAP AROUND

SAVE TAIL POINTER ON STACK

FETCH 1ST BYTE PNTR

SHFTY ADDED BLNK: ADJ CNTR
COUNT DONE—WHICH HALF ?
LOWER: SET UP 4 NEXT SHIFT
UPPER: DO LOWER

SET UP 4 NEXT SHIFT

TBL END IN MSD DISP

RESET PNTR

DO NEXT SHIFT

COUNT NOT DONE

RESET COUNTER
WHICH HALF ?

UP: FINISH UP, DO LOW

LOWER: FINISH LOWER

RECLAIM TAIL POINTER

INCREMENT TABLE
POINTER FOR
NEXT SHIFT

WAIT

[ADD EXIT SEQUENCE HERE]

JMP

ROTR1

DO NEXT SHIFT
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)

SAVE TABLE
ADDRESS

NO

ROTR1 [

»

CLEAR END OF
TABLE FLAG

v

UPDATE DISPLAY
BUFFERS

AT BEGINNING
(MSD) OF DISPLAY
?

UPDATE
STOPPED
BY END
OF TABLE
?

YES

SAVE
TABLE POINTER

{ ROTRS W

WRAP AROUND AND
FINISH DISPLAY
BUFFER UPDATE

ROTR20 W

RESTORE
TABLE POINTER

»

ROTR25

Y.

INCREMENT
TABLE POINTER

<
ROTR26 W

WAIT OR DO
SOMETHING ELSE

NO

YES

Flowchart: Rotate Message

RESTART:
REINITIALIZE
TABLE POINTER
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For further product information, refer to the following documents:

Order Number Document Title

D96 10938 and 10930 Dot Matrix Display
Controller Data Sheet

D60 R6500/1EB Backpack Emulator Data Sheet

D51 R6500/1 One-Chip Microcomputer Data Sheet

D51S R6500/1E Emulator Device Data Sheet
Supplement

212 R6500/1 One-Chip Microcomputer Product
Description

2175 Intelligent Display Controller
Designer’s Notes
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Rockwell

Intelligent Display Controller
Designer’s Notes

by Terry Christensen and Tal Klaus,
Semiconductor Products Division, Newport Beach, California

DESCRIPTION

The Rockwell Intelligent Display Controller family of products is
designed to interface host processors to various types of vacuum
fluorescent displays. In addition to providing the display drive
signals, these products perform character decoding, grid timing
and display refresh functions. Included in the family are a series
of single chip display controllers, a series of anode decoder/drivers
and a grid controller/driver.

Figure 1 is a block diagram of the single chip display controller.
The products of this series contain 18 anode drivers and 16 grid
drivers. Commands and data are input through a serial data port.
A 64 x 16-bit mask programmable PLA provides character
decoding. A 16 x 8-bit data buffer holds character data. Com-
mands for brightness control, data buffer control and test mode
enable are available.

Two PLA patterns are provided as standard products. One, the
10937 provides ASCII to 16 segment decoding. The other, the
10951 provides 7 segment numeric and 16 segment bargraph
decoding. Both of these products feature decimal point and tail

control. Also available is the 10957 which is a 10937 modified to
provide greater decimal and tail control.

The block diagram of Figure 2 shows a typical host and display
interface for a single chip display controller.

Grid controller/drivers are combined with anode decoder/drivers
to create multi-chip display controllers. As shown in the block
diagram of Figure 3, the grid controller/driver (10939) accepts com-
mands and data from the host system, sends data and timing infor-
mation to the anode decoder/driver, and controls a cursor output
in addition to controlling the display grids. Commands for
brightness control, buffer control, and blank and inverse display
modes are available. These commands and the character data
may be input to the 10939 through either a serial or a parallel data
port. Each 10939 can drive up to 20 grids and store the related
character data for automatic refresh. With the synchronization
logic provided, as many as four 10939’s can be daisy chained
together to drive 80 character displays as shown in Figure 4.

The anode decoder/driver can drive up to 35 anodes. Data input
from the grid controller/driver are decoded in a 128 character mask

» SGA
» SGB
DATA —I»-| DISPLAY » SGC
o ] e crera | SO > s
scLK —» TIMING BUFFER » SGE
AND > SOF
CONTROL » SGG
DECIMAL PT. » SGH
COMMA TAIL > SGI
SEGMENT| | sGJ
POR -pl DRIVERS || SGK
vss » SGL
VOD > SGM
A - » SGN
» SGO
> SGP
DIGIT DRIVERS > » PNT
> » TAIL
11 |
YYVYY IYYVYYVYY
TNOTNONMNODIO " NMTINDO
[~ N aNal-laNaNoRalaB bbb
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programmable PLA to determine which anodes to activate.
Several anode drivers may be driven as shown in Figure 4 to pro-
duce characters from more than 35 anodes.

Four PLA patterns are produced as standard products. The 10938
provides ASClIto 5 x 7 dot matrix decoding. The 10941 generates
16 segment ASCII and bargraph patterns. The 10942 and 10943
are used together to generate 5 x 12 dot matrix ASCII characters.

Tables 1 and 2 compare the features of the display controlier
products.

Typical applications for the intelligent display controller family
include: automotive instrument clusters, interactive terminals,
typewriters, telecommunications products, industrial automation,
appliances, hand-held computers and instrumentation systems.

Although intended for vacuum fluorescent displays, users are find-
ing these intelligent controllers are cost effective for use with gas
discharge, LED and incandescent displays even though buffer-
ing is required. :

By providing a simple interface both with the host computer and
the associated display, the intelligent controller family provides
significant advantages over other approaches. The benefits of

Rockwell’s intelligent display controller approach are: reduction
of operating time required of the host computer, less display
overhead electronics, simplified system design, less board real
estate for the display control function, reduced power and cool-
ing, lower overall installed cost and lower maintenance costs.

This can be seen from the following comparison. Several tech-
niques can be used to drive a 20 character, 5 x 7 dot matrix,
vacuum fluorescent display. One way is to use two 10-bit shift
register latched drivers to drive the grids and five 8-bit latched
drivers to drive the anodes as shown in Figure 5. This configura-
tion uses 19 outputs from the host system for display control. The
host system must perform the grid timing and character to dot con-
version. Because of this, the host system must service the display
every character cycle.

An efficient alternate method is to use the 10938/10939 chip set
as shown in Figure 6. With this configuration, 4 or 10 outputs from
the host system and a simple reset circuit are needed to drive the
display controller. At initialization, the host loads operating
parameters into the display controller. Then the display buffer is
loaded with the ASCII code of the characters to be displayed. After
that the host accesses the display controller only when display
characters or operating parameters need to be changed. The
display controller performs the grid timing and ASCII to dot con-
version functions.

Table 1. Comparison of Single Chip Display Controller Features

Features 10937 10951 10957
PLA Size 64 64 64
Font 16 Segment Alphanumeric 7 Segment Numeric 16 Segment Alphanumeric
Decimal Point Decimal Point Decimal Point
Comma Comma Comma
16 Segment Bargraph
Anode Drivers
Type Open-Drain Open-Drain Open-Drain
Number 18 18 18
Current Limit (mA) 10 10 10
Grid Drivers
Type Open-Drain Open-Drain Open-Drain
Number 16 16 16
Current Limit (mA) 20 20 20
Host Interface Serial Serial Serial
Control Options Duty Cycle Duty Cycle Duty Cycle
Character Count Character Count Character Count
Buffer Pointer Buffer Pointer Buffer Pointer
Test Mode Test Mode Test Mode
Power Supply Limits
VDD(V) -15£1.5 -15+1.5 -15%1.5
VGG(V) to -50 to - 50 to -50
Package 40 Pin Dip 40 Pin Dip 40 Pin Dip
Other 2 Decimal and Tail Commands 2 Decimal and Tail Commands 4 Decimal and Tail Commands
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Cascadable

Comma Driver

Table 2. Comparison of Multi-Chip Display Controller Features
Grid Drivers Anode Drivers
Features
10939 10938 10941 10942 10943
PLA Size 128 128 128 128
Font 5 x 7 Dot Matrix 16 Segment Top Half Bottom Half
Alphanumeric Alphanumeric and 5 X 12 Dot Matrix 5 x 12 Dot Matrix
Bargraph Alphanumeric Alphanumeric
Grid Drivers
Type Push-Pull
Number 20
Current Limit (mA) 10
Anode Drivers
Type Push-Pull Push-Pull Push-Pull Push-Pull
Number 35 18 23 23
Current Limit (mA) 2 2 2 2
Host Interface Serial or Parallel Via 10939 Via 10939 Via 10939 Via 10939
Control Options Digit Time
Duty Cycle
Character Count
Buffer Pointer
Blank Mode
Inverse Mode
Start Refresh
Power Supply Limits
VDD(V) -20+2.0 -20+2.0 -20+2.0 -20+2.0 —-20+2.0
VGG(V) to -50 to —50 to —-50 to -50 to -50
Package 40 Pin Dip 40 Pin Dip 24 Pin Dip 28 Pin Dip 28 Pin Dip
Other Cursor Driver Decimal Point Driver
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Figure 6. 20 Character 5 x 7 Dot Matrix Display Driven by Multi-Chip Display Controlier

HOST-DISPLAY CONTROLLER INTERFACE

These devices contain circuitry to protect the inputs against
damage due to high static voltages. However, it is advised that
normal precautions be taken to avoid application of any voltage
beyond the maximum rated limits. All inputs are TTL compatible
although pullup (to VSS) resistors may be required in certain
applications.

CONTROL OF SINGLE CHIP DISPLAY CONTROLLERS

Commands and display data are clocked into the single chip
display controller from the host serially with the DATA and SCLK
inputs. Input data is shifted in as serial bytes, MSB first. Each bit

is latched in on the falling edge of the SCLK pulse. The SCLK -

signal must remain high from one to 20 ps and low at least one us
for each bit. There must be a 40 us gap, with SCLK held low,
between each byte. Itis recommended that the display controller
be reset periodically to assure bit synchronization. Figure 7 con-
tains a summary of the data transfer timing requirements and a
flow chart of the data transfer procedure.

The MSB of the input byte is called the control bit. The state of
this bit determines the function of the input data. If the control
bit is a one, the input data is a command or control word. If the
control bit is a zero, the input byte is display data.
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The single chip display controller recognizes four types of com-
mands which are summarized in Table 3. The Buffer Pointer
Control command sets the display data buffer pointer to the
desired digit position. This enables easy modification of any
individual character. When the command is executed, the buffer
pointer is loaded with two less than the value of the controlling
strobe line. Thus, to set the buffer pointer to the anode data for
the character controlled by AD8, the command A6, is sent to
the display controller.

The Digit Counter Control command sets the number of strobe
lines to be activated on the display controller. It is normally used
during initialization to define the number of characters to be con-
trolled. In some cases it may also be used to adjust display
brightness. This is discussed in the section describing display
control techniques. The four least significant bits of the command
byte determine the number of strobes to be activated. A command
code of C0,¢ enables all 16 strobes. Otherwise, the number in
the lower half of the command is the number of active digits.

Display brightness and display on/off are controlled by the Duty
Cycle Control command. The internal clock of the display
controller runs at 100 KHz +50%. 32 clock cycles are allotted
each active strobe. One of these 32 cycles is an inter-digit off time.
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Figure 7. Data Transfer to Single-Chip Display Controller

The Duty Cycle Control command is used to select the number
of the remaining 31 clock cycles a strobe is on. The number of
*‘on” cycles is the five least significant bits of the command byte.

The fourth command type is a Test Mode Enable. When this mode
is activated, the digit time is reduced from 32 to 4 clock cycles.
After the test mode has been entered, a power-on reset sequence
must be performed to resume normal operation.

CONTROL OF MULTI-CHIP DISPLAY CONTROLLERS
In systems using the multi-chip display controller, commands and

display data are sent from the host to the 10939(s) through the ,

data (D0-D7) and LD lines. Either a parallel or a serial data input
mode may be used.

The parallel data input mode is implemented by toggling any of
datalines D2-D7 after POR has gone low. Once the parallel data
load mode has been implemented, a power-on reset procedure
must be performed to return to serial data load mode. Parallel data
transfer is accomplished, as shown in Figure 8, by putting the
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command or display data on the data lines, then pulsing the LD
line. The load cycle time must be at least 60 ps with the LD line
set high for at least one us and held low for at least 40 us.

The serial data input mode is implemented during the power-on
reset procedure. In those systems using serial mode, ports D2-D7
should be tied low to prevent the inadvertent implementation of
the parallel load-mode. Serial data bytes are shifted into a data
buffer MSB first on line DO using line D1 as the serial clock. The
last eight bits clocked in are latched into the display controller
by a pulse on the LD line. As shown in Figure 9, the cycle time
for each data bit is 2 us and the load time for each byte is 60 us.

The 10939’s may be cascaded together to drive displays having
more than 20 characters. As many as four 10939’s can be daisy
chained as shown in Figures 4 and 14 to control up to 80
characters.

Each 10939 has its own on-chip oscillator and a clock generator
operating at approximately 100 kHz. When more than one 10939
is used in a system, the same clock must be used for all the



Application Note

Intelligent Display Controllers

Table 3. Single Chip Command Summary

Digit Counter Control Codes

Control Word Assignment
Hex Code Function
80-9F Enter Test Mode
AO-AF Load Buffer Pointer
CO0-CF Load Digit Counter
EO-FF Load Duty Cycle

Duty Cycle Control Codes

Hex Code On Cycles Off Cycles

EO 0 32
E1 1 31
E2 2 30
E3 3 29
E4 4 28
E5 5 27
E6 6 26
E7 7 25
E8 8 24
E9 9 23
EA 10 22
EB 1 21
EC 12 20
ED 13 19
EE 14 18
EF 15 17
FO 16 16
F1 17 15
F2 18 14
F3 19 13
F4 20 12
F5 21 1
F6 22 10
F7 23 9
F8 24 8
F9 25 7
FA 26 6
FB 27 5
FC 28 4
FD 29 3
FE 30 2
FF 31 1

Hex Code Hex Digit Number of
Counter Value Digits Controlled
co 0 16
C1 1 1
c2 2
C3 3 3
Cc4 4 4
C5 5 5
Cé 6 6
Cc7 7 7
cs8 8 8
Cc9 9 9
CA A 10
cB B 11
cC C 12
CD D 13
CE E 14
CF F 15
Buffer Pointer Control Codes
Hex Code Pointer Value Character Controlled By
A0 0 AD2
A1 1 AD3
A2 2 AD4
A3 3 AD5
A4 4 AD6
A5 5 AD7
A6 6 AD8
A7 7 AD9
A8 8 AD10
A9 9 AD11
AA 10 AD12
AB " AD13
AC 12 AD14
AD 13 AD15
AE 14 AD16
AF 15 AD1

devices. To do this, one 10939 is designated the master by con-
necting its MASTER pin to VDD. This activates the oscillator on
that device and causes a three-level four-state signal to be out-
put on the CLOCK pin. The MASTER pin on the remaining, i.e.,
slave, devices is connected to VSS. This deactivates the oscillators
on these devices so that the master's CLOCK output can be input
on the slaves’ CLOCK pins.

A two line synchronization port (SOP and SIP) ensures that only
one 10939 device at a time drives the display. When one 10939
outputs its last character, it emits a pulse on its SOP. The next
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10939 receives this pulse on its SIP input and starts its display
cycle. This sequence continues through all of the 10939’s in a
chain. The SOP of the last 10939 is connected back to the SIP
of the first 10939 to start another cycle. The limit to the number
of 10939’s in the chain is determined by: 1) the load on the clock
output of the master 10939, and 2) the display refresh require-
ments. The synchronization signal propagates during the last
character time of its own 10939 and thus does not require any extra
time before the first character of the next 10939. The duty cycles
of all the 10939’s in the chain must be the same.
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The data pattern 014 is a control prefix byte. When this byte is
transmitted to a 10939, it indicates that the next byte is a com-
mand. Several command types, listed in Table 4 are recognized
by the 10939.

One of these, the Digit Time Select, determines the amount of time
allotted to each character during the refresh cycle. Three options
are available. These are 16, 32 or 64 half clock cycles per
character. A clock cycle is one cycle of the internal clock of the
master 10939 of the system. '

The Duty Cycle Select is another command type. This determines
the number of clock cycles a digit driver is on during its character
time. Three half clock cycles of each character time are used as
an inter-digit off time so the selectable duty cycle range is zero
to digit time minus three.

Athird command type is the Digit Count Select. This determines
the number of character positions to be controlled. Note that a
digit count greater than the actual number of characters can be
selected. This is a feature that can be used to extend the display
cycle time and thus expand the range of brightness control since
adding phantom characters causes a proportionate reduction of
display brightness.

The 10939 contains a 20 character data buffer which holds the
anode data for each digit. A buffer pointer, which can be set on
command, allows direct access to the data for each character.

The multi-chip display controllers may be operated in three com-
mand selectable display modes. These are the normal, inverse
and blank modes. When the inverse mode is enabled, selected
characters will be inverted. The anodes that would be enabled in
normal mode are disabled and the anodes that would be disabled
in normal mode are enabled. When the blank mode is enabled,
selected characters will be blanked.

The MSB of the data byte is a control bit which determines which
characters are selected for a particular display mode. Characters
for which this bit is a zero will be displayed in the normal mode.

The data byte control bit also controls the cursor output. The cur-
sor output will be enabled on all characters with the MSB equal
to one. So when normal mode is enabled and the MSB of the data
byte is set, the normal character will be displayed with the cursor
on. When blank mode is enabled and the MSB equals one, the
character will be blanked and the cursor will be on.

Two commands remain. One is the Start Refresh Command. At
power on, 10939s are placed in an internal halt mode. The nor-
mal display refresh sequence starts when a master 10939 receives
this start refresh command.

The final command is the command to load 014ginto the data buf-
fer. This byte signifies that a command follows. When the com-
mand is also 014, it means that 0145 is data.

Display data and timing (Figure 10) are output to the anode
decoder/driver via a two line serial port consisting of the SCLK-DIS
and DATA-LOAD PINS. In order to minimize the number of package
pins, these outputs are multiplexed, three-level, four-state drivers.

The SCLK-DIS signal is composed of the shift clock which shifts
new data into the anode decoder/driver and a disable signal which
sets all of the anode drivers to the display off state. The DATA-
LOAD signal is composed of serial 8-bit data and a load signal
to transfer the new data from the 10938 input buffer through the
PLA to the display driver outputs. The data is output with the most
significant bit first.

The anode decoder/driver devices can drive a maximum of 35
anodes. For displays having more than 35 anodes per character,
such as the 5x12 dot matrix example of Figure 4, two or more
anode decoder/drivers may be connected in parallel.

POWER-ON RESET AND INITIALIZATION

The power-on reset (POR) input controls the initialization of the
internal circuits of the display controllers. Chip reset is achieved
by setting the POR input high (VSS), waiting a minimum of 100 us
then setting the POR input low. After another delay of at least
100 us, commands and data may be sent to the display controllers.
On a cold start, POR should be held high for at least 100 s after
VDD stabilizes. Figure 11 contains examples of circuits that can
be used to control this input while Figure 12 contains cold start
timing diagrams.

A power-on reset establishes the following default conditions on

the single chip display controllers:

. The grid drivers (ADXX) are off (floating).

. The anode drivers (SGX, PNT, TAIL) are off (floating).

. Duty cycle is set to zero.

. Digit Count is set to 16.

. The buffer pointer selects the character controlled by AD1.
The display data buffer is filled with zeros.

SO0 QO0UT R

When performing chip initialization it is recommended that a
sequence such as that of Figure 13 be followed. In this sequence,
the digit count is adjusted and the display data buffer is loaded
before the duty cycle is set. This prevents the flashing of random
data on the display.

A power-on reset establishes the foliowing default conditions on

the multi-chip display controller.

. The Grid Drivers (STRXX) are off.

. Duty Cycle is set to zero.

. Digit Count is set to 32.

. The Buffer Pointer is set to zero.

. Digit Time is set to 64 cycles per character.

Normal display mode is selected.

. The DATA-LOAD output is set to the high impedance state.

. SCLK-DIS is set to Vol to disable the anode drivers.

When the POR signal is removed, SCLK-DIS is set to the high
impedance state.

. SOP is set to Vol to disable the synchronization pulse.

j. The 10939(s) is (are) placed in an internal halt mode. This
allows the host system to load the control registers and the data
buffer without flashing “garbage’ on the display. The normal
display refresh sequence is started upon receipt of a START
REFRESH control code. Only the master 10939 in a multi-chip
system will recognize the START REFRESH code. The slave(s)
will be started by the master at the appropriate time, using the
SOP signal.

JTQ 0O 0 oY
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Table 4. Multi-Chip Command Summary

Control Word Assignments Digit Counter Control Codes
Hex Code Function Hex Code | Digit Counter Value | No. of Grids Controlled
01 Load 01 into Data Buffer 80 00 32
05 Set digit time to 16 cycles per grid 81 01 1
06 Set digit time to 32 cycles per grid 82 02 2
07 Set digit time to 64 cycles per grid 83 03 3
08 Enable Normal Display Mode (MSB in data words 84 04 4
is ignored) 85 05 5
09 Enable Blank Mode (data words with MSB = 1 will 86 06 6
be blanked) 87 07 7
0A Enable Inverse Mode (data words with MSB = 1 88 08 8
will be “inversed”) 89 09 9
OE Start Display Refresh Cycle (use only once after 8A 0A 10
reset) 8B oB n
40-7F Load Duty Cycle Register with lower 6 bits (0-63) 8C oc 12
80-9F | Load Digit Counter (80 = 32, 81 = 1,82 = 2, etc.) 8D oD 13
CO0-DF Load Buffer Pointer Register with lower 5 bits 8E OE 14
8F OoF 15
90 10 16
91 1 17
Duty Cycle Control Codes 92 12 18
93 13 19
Hex Digit Time = 16 | Digit Time = 32 |Digit Time = 64 94 14 20
Code On Off On oft On off 95 15 21
20 = 16 = 32 — 64 96 16 22
41 - 16 - 32 - 64 97 17 23
42 - 16 — 32 — 64 98 18 24
43 1 15 1 31 1 63 99 19 25
44 2 14 2 30 2 62 9A 1A 26
45 3 13 3 29 3 61 9B 1B 27
46 4 12 4 28 4 60 9C 1C 28
47 5 1 5 27 5 59 9D 1D 29
48 6 10 6 26 6 58 9E 1E 30
49 7 9 7 25 7 57 9F 1F 31
4A 8 8 8 24 8 56
4B 9 7 9 23 9 55
4C 10 6 10 22 10 54
4D 11 5 11 21 11 53 Buffer Pointer Control Codes
4E 12 4 12 20 12 52 Hex Code Pointer Value Character Controlled By
4F 13 3 13 19 13 51
50 13 3 | 14 | 18 | 14 | s0 co 00 STROO
a1 " " 15 17 15 49 C1 01 STRO1
c2 02 STRO2
C3 03 STRO3
. . . . . . Cca 04 STR04
5‘0 " " 27 5 27 37 C5 05 STROS
P " " 28 4 28 36 C6 06 STRO6
oF " " 29 3 29 35 c7 07 STRO7
60 " " 29 3 30 34 cs8 08 STRoO8
o1 ” " " " 31 33 Cc9 09 STRO9
CA 0A STR10
CcB 0B STR11
. . . . . . cC oc STR12
7'C " " " " 58 6 CD oD STR13
kd " " " " 59 5 CE OE STR14
7 ” I " " 60 4 CF OF STR15
" " " " 61 3 Do 10 STR16
7F
D1 1 STR17
D2 12 STR18
D3 13 STR19
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CHIP IS RESET WHEN CHIP IS RESET WHEN
SWITCH IS CLOSED TTL INPUT IS LOW
vDD VDD

POR

Figure 11. Power On/Reset Control Circuits

SINGLE CHIP MULTI CHIP
DISPLAY CONTROLLER DISPLAY CONTROLLER
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oo

]

vss .
POR

VDD—L o

b
VSS—1—

POR

voo_Y

1 - POR STAYS HIGH A MINIMUM OF 100 xS AFTER VDD
BECOMES STABLE

2 - WAIT A MINIMUM OF 100 uS AFTER POR IS STABLE
BEFORE SENDING DATA TO THE DISPLAY
CONTROLLER

3 - KEEP VGG MORE POSITIVE THAN VDD UNTIL
VDD = VSS - 10V

Figure 12. Power On/Reset Timing
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SET POR
HIGH (VSS)

'

WAIT
100 xS MIN

!

SET POR
Low

'

WAIT
100 xS MIN

v

SET THE
DIGIT COUNT

v

LOAD THE
DISPLAY BUFFER

'

SET THE
DUTY CYCLE

Figure 13. Single Chip Display Controller Initialization

Figure 14 is an example of an initialization sequence for the multi-
chip display controller. In systems using parallel data loading, one
or more of data lines D2 through D7 should be toggled before
sending data to the 10939. Digit time should be set before the duty
cycle is selected. To prevent the flashing of random data on the
display, the display data buffer should be loaded before the start
refresh cycle command is given.
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SET POR
HIGH (VSS)

'

WAIT
100 xS MIN

¥

SET POR
Low

{

WAIT
100 xS MIN

!

(SYSTEMS USING
PARALLEL DATA
LOAD ONLY)
PULSE THE

DATA LINES

¥

SET DIGIT COUNT
ON ALL 10939'S

i

SET DIGIT TIME
ON ALL 10939’S

'

SET DUTY CYCLE
ON ALL 10939’S

¥

LOAD THE
DISPLAY BUFFER

R

START REFRESH
CYCLE ON
MASTER 10939

Figure 14. Multi-Chip Display Controller Initialization
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CONTROLLER DISPLAY INTERFACE

DISPLAY INTERFACE OF SINGLE CHIP
DISPLAY CONTROLLER

The single chip display controllers can drive up to 16 digits and
18 segments. These are open drain drivers so external pull down
resistors must be supplied. The total capacitance on an output
and the display duty cycle determine the resistor values to use.
To prevent ghosting, the RC time constant of an output must be
less than the interdigit off time. However, the resistor value should
be as large as possible to maximize the portion of the driver cur-
rent going to the display. Thus R <Ty/Ces, Where Tgis the inter-
digit off time and Cgy is the total capacitance on the driver. For
VF displays, this value is usually between 30 kQ and 50 kQ.

Each segment driver can source up to 10 mA and each digit driver
can source up to 20 mA. Operating the chips beyond these limits
can reduce chip life time. Both 40 and 50 volt versions of the single
chip display controller are available as standard products.

Two PLA patterns are offered as standard products. One of them,
part number 10937, displays 16 segment upper case ASCII
characters plus decimal and tail. It can also be used for
14 segment ASCIl and 7 segment numeric displays. The 14 and
16 segment driver assignments and character patterns are listed
in Tables 5 and 6. Part number 10951 generates 7 segment
numeric and 16 segment bargraph codes. Tables 7 and 8 contain
the segment assignments and patterns generated by this device.

Table 5. 16 Segment PLA Patterns
2 Y E - ‘I_V' 3 2 - 2 - 3 - E 1 S 3
8l 28 ¢ (8] § (8] 2/ 5[5 5 (8 § [8] ¢
i 2 |8/ = |8l 2 |3| 2 |g| 2 |§| £ |§| & |&| £
£l o || © £| o |& o |E| O |g|] O || O || ©
R R R R AR A2
00|,— 8|, — —,[10]—— |18 20 28 30 38— —
T /N N T
] R R R L A2 Y \ ]
ot|,— —, |09 1 19 21 29 31 39— —
| e O B (N | 3 / | T
== =TT =TT EDRED)
02 I— 0A l 12 |— —l 1A / 22 | | 2A llé 32 ———I 3A
R T N AN &
03 0B l—/ 13 |—— 1B 23 ——|—I 2B —,—— 33 ——[ 3B @
NG I N || | 1 @ @ @%
— — p——— — O PNT
LI | \ || I / J
04 oc 14 1C 24| — —, |2C 34| — — |3C
R | N j "W7_ Ge) (e
— — — — - — 10937 Driver Assignments
/
05|,— oD I\/l 15 | | 1D l 25 |—|— 2D| — — |35 I—— 3| — —
(I I e L HIRVR _
[ P AN | R N I AN
06|,— OE 16 1E 26(,— 2E 36|,— —, |3E
l N IV AN BN I R | I
07 I — |OF I l 17 | | 1F 27 / 2F / 37 3F —|
(R I I (VAN | I / l
Bit 7 of the data byte is a don’t care
Table input data is for bit 7 equal to zero
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Table 6. 14 Segment PLA Patterns

gl 5 |8 s || 8 8|8 |8 5 |8 &8 |8 &8 |8| =
SIE S| B[S B (S8 (3] 8 (2|8 |3 8|3 ¢
© ] © 3 @ ] © © [
HERHEREHEAHEREHERHEEHERHE:
p— p— p / p— p—
00| — | 08 ——l 10 l-— —l 18 A\ 20 28 30 I /I 38 l— —l
1] Il /' \ N I
01 '— — 109 I n | I 19 \ / 21 \I 29 N 31 I 39 I— —'
| IRNEN R N
— = — T
02 |—| 0A ' 12 [— —l 1A / 22 | l 2A ——/ 32 ——l 3A
I N NI
03 | oB |—/ 13 |—— 1B 23 —|—| 2B —l— 33 —-—I 3B / @
I AN N |7 L | | @ @@ %
— — — O PNT
TAIL
04 I | oc 14 l 1C \ 24 I—[— 2C 34 I— -—l 3C / ﬂ
S i T I T e Y O O e P
—_— —_ _— 10937 Driver Assignments
05| — oD |\/I 15 l 1D 25 |-—-|—/ 2D| — — |35 ‘— — |3D| — —
S (Y (A I T
N / N \
06| — OE 16 1E 26| ,— 2E 36— —,|3E
| N1 (P2 A AN W TN S S
Y P [ P / / 1
o7 — |OF 17 1F 27 2F 37 3F —
() U an (VAN e / |
Bit 7 of the data byte is a don’t care
Table input data is for bit 7 equal to zero
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Table 7. 7 Segment PLA Patterns

Input Data
Input Data
_| Character
Input Data
_| Character
o
™

| Character
Input Data
| Character

B
5
I
8
g
|

|
Il

_—A
Iyl
~
o
™

21 29

31 39

23—2B| 33| —, [3B| — @

1 2 —2
24 I——I 2C 34 I—: 3C : .@
.
J —
|— 1 1 |— 2 |2 10951 Driver Assignments
25 —, |2D 35| —, |3D| ,—
| Rl
| 1 |—‘ 2 |‘ 2
26| —, |2E 36| ,—, |3E| —
I | LI |
- |1 2 — I2 |— 2
27 2F 37 3F| —
| I I
Bit 7 of the data byte is a don’t care 1Segment drivers SGH, SGI, SGJ, SGK, SGL are enabled when these codes are used.
Table input data is for bit 7 equal to zero 2Segment drivers SGM, SGN, SGO, SGP are enabled when these codes are used.
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Bit 7 of the data byte is a don’t care

Table input data is for bit 7 equal to zero

Table 8. 16 Segment Bargraph Patterns
Sl s |18 5 |8 8 |8 %
a § a g a8l 8 8 3
HERHERHEREE
£| 5 |2€| &6 |E| © |[E] &
00 08| — |10 18
— : —
— (@)
01 09 1 19
— — CsemD
02 Al T |2 1A CsekD
- = SGJ
_ CsaD
03 0B 13 1B (@)
— (@D
— CserD)
04/ _ |oc 1wl |1C )
—
05| _ |op 15 1D CseeD
—
06| __ |OE 16 1E
10951 Driver Assignments
07| — |OF 17 1F

6-42




Application Note

Intelligent Display Controllers

A modified version of the 10937, part number 10957, offers
expanded decimal and comma control. To provide this, two of the
10937 data codes have been redefined. Table 9 lists the unique
10957 codes and compares the 10957 with the 10937.

The single chip display controllers were not designed for paral-
leled or cascaded operation. The multi-chip display controller
should be used for displays having more than 16 digits or more
than 18 segments per character.

Table 9. Comparison of 10957 with 10937

Input 10937 10957
Data Character Character
2C ; ;
2E
6C ; ’
6E .

DISPLAY INTERFACE OF MULTI-CHIP
DISPLAY CONTROLLERS

Multi-chip display controllers are constructed from various combi-
nations of anode decoder/drivers and grid controller/drivers.

The anode decoder/drivers can each drive a maximum of 35 dots
or segments. Each driver can carry a 2 mA load and no external
pull downs are required. The devices may be driven in parallel to
generate patterns of more than 35 dots. An example of this is the
5 x12 dot matrix block diagram of Figure 4.

Display data codes and timing information are sent from a 10939
or other source to the anode decoder/drivers serially on the DATA-
LOAD and SCLK-DIS lines. An on-board 128 character PLA
decodes the data bytes to determine which drivers to enable.
Standard PLA patterns are available for three character fonts. The
10938, listed in Table 10, generates 5 x 7 dot matrix patterns. The
10941, listed in Tables 11 and 12, generates 16 segment and bar-
graph patterns. It also features separate decimal and comma
drivers. This PLA may also be used for 14 segment and 7 segment
displays. The 10942 and 10943 are combined to produce the
5 x 12 dot matrix patterns shown in Table 13.

Each grid controller/driver, i.e. 10939, can drive 20 digits and a cur-
sor. These are push-pull drivers which can source 10 mA each.
The 10939s may be cascaded, as shown in Figure 4, to drive
displays of more than 20 characters. They may be connected in
parallel, as shown in Figure 15, to drive multi-line displays hav-
ing shared grids. In this configuration, the grid drivers may be
wired ORed if additional grid current is required. However, when
this is done, diodes and pull down resistors must be used as they
are used with the cursor outputs. Alternatively, external drivers
may be added. The total number of 10939s that may be connected
together is limited by the duty cycle requirements of the display
and the load on the master 10939 clock output. Typically, this limit
is four 10939s but more may be added if the clock output load is
kept below 50 pF.
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In addition to the grid drivers, each 10939 contains a cursor out-
put to drive the cursor segment present on some displays. This
output is activated when the MSB of the data byte for a particular
digit is a one.

USE OF EXTERNAL DRIVERS WITH INTELLIGENT
DISPLAY CONTROLLERS

If external drivers are added, the devices of the Intelligent Display
Controller product line can be used to control displays which
operate beyond the range of the display controllers’ internal
drivers. This applies to LED, Gas Discharge and certain VF
displays.

An example of this is shown in Figure 16. Here the 10941/10939
chip set is used to control a 16 segment LED display. The display
consists of two Hewlett Packard HDSP-6508s. These are
16 segment GaAsP red LEDs. They are common cathode con-
figured and mounted in an 8-character package. The 10939 strobe
outputs are connected to 600 mA inverting drivers which control
the cathodes. The 10941 segment outputs are connected to
500 mA sourcing drivers which control the anodes. A 47Q current
limiting resistor is also supplied to each anode.

DISPLAY CONTROL TECHNIQUES

DIGIT STROBING

The display controller strobe lines are activated sequentially start-
ing with STROO (AD1 on single chip controllers) and ending with
the highest strobe enabled by the character count select com-
mands. After the last strobe in the chain has completed its cycle,
the process repeats. The strobe drivers may be connected to
strobe a display from right to left, or from left to right, depending
on the system requirements. In most cases this will be determined
by board layout or software constraints.

BRIGHTNESS CONTROL

In certain applications, particularly in situations where the envi-
ronmental light level varies, the display brightness must be varied
from time to time. This can be done by varying the duty cycle and
by adding and deleting fictitious digits.

For example, suppose a 10937 is used to control a 7-digit alpha-
numeric display. Assume that the maximum progammable duty
cycle, i.e. each strobe ON 31 clock cycles, is used when ambient
light levels are high. Then the display brightness can be
decreased by decreasing the duty cycle. Display dimming from
maximum to minimum brightness will be achieved in 31 steps with
a 3.22 percent decrease from full brightness at each step.

At lower light levels it may be desirable to decrease the display
brightness in smaller steps. This can be done by using fictitious
digits. In this example, after the display has been dimmed to
approximately 20 percent of full brightness, i.e. duty cycle value
as been decreased from 31 to 7, the character count is increased
from 7 to 16. At the same time, the duty cycle number is changed
from 7 to 14. Display dimming then proceeds by successively
reducing the duty cycle. However, now the brightness is reduced
about 1.4 percent with each step.
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Table 10. 5 x 7 Dot Matrix PLA Patterns
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Table 11. 16 Segment PLA Patterns
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16 Segment Bargraph Patterns

Table 12.
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5 x 12 Dot Matrix PLA Patterns

Table 13.
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DISPLAY BLANKING

The intelligent display controllers may use several methods to
blank displays. One method is to load the display buffer with
blanks. A second method is to set the duty cycle to zero.

A third method of display blanking is available on multi-chip
display controllers. This is the use of blank mode. When this mode
is to be used, the display data buffer is loaded with data having\
the most significant bit set to a one. Then the display is blanked
by enabling the blank mode. This feature is especially useful when
only selected characters are to be blanked.

POWER REQUIREMENTS

INTRODUCTION

This section discusses some of the factors involved in determin-
ing power requirements of typical vacuum fluorescent display
systems. It discusses the display tube construction and operation,
the controller types and power requirements, and the factors which
affect power dissipation. Examples of power calculations are given
for several display configurations.

DISPLAY TUBE OPERATION

To be able to determine the power requirements for a display
system it would be helpful to have a basic understanding of how
a vacuum fluorescent tube is constructed and operates.

Construction

The vacuum fluorescent display tube contains three basic
elements in an evacuated tube. These are the filament cathode,
control grid and anode. The directly heated cathode, nearest the
glass viewing surface, is a metal filament covered with an oxide
coating and is thin enough not to cause viewing interference. The
control grid is a wire mesh also thin enough not to cause viewing
interference. The anodes are formed of a fluorescent material
coating on insulating bases to form alpha-numeric, bargraph or
dot matrix segments.

Operation

Thermionic emission by the cathode results at the relatively low
temperatures of 650°C to 700°C. When positive voltages (with
respect to the cathode) are applied to the grid (Ec) and anode (Eb),
the electrons are accelerated toward them. The fine mesh con-
struction of the grid allows most of the electrons to pass through
it to the phosphor on the positive anodes. The collision of elec-
trons on the phosphor causes light to be emitted in the blue-green
spectrum.

When no voltage is applied to the grid (same potential as the
cathode) some of the electrons still get through to the positive
anode. To cut off all electron flow to the anode, a negative voltage
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with respect to the cathode is applied to the grid. This is called
the grid cutoff voltage (Ecco). When the anode voltage is open
or lower than the cathode voltage almost no electrons reach the
phosphor and those few that do have insufficient energy to cause
light emission. This is known as the plate (anode) cutoff voltage
(Ebco). The negative potential cutoff voltages are normally both
the same level and are generated by providing a positive cathode
bias (EK).

The basic principle of operation is shown in Figure 17. Three
anode segments are shown in the vacuum tube. If anode voltage
Eb is applied through switches S; and Sz with S, open, for
example, currents lal and la3 flow to their respective anodes to
cause light emission.

By increasing the number of anode segments to seven and
arranging them to form numerals, digits from 0 to 9 can be indi-
cated. More anode segments are added to provide the popular
14 or 16 segment alpha-numeric characters. Dot matrix configura-
tions lend themselves to more versatile character generation and
are generally a matrix of 5 x 7 dots (35 anodes) or 5 x 12 dots
(60 anodes) as shown in Figure 18.

Providing the same pattern of anodes (character) behind multiple
grids and time multiplexing the “ON” signal to each grid allows
multi-character displays to be constructed in a single tube as
shown in Figure 19. As each grid in a multi-character display tube
is turned on (positive pulse applied) the appropriate anodes are
also driven positive to form the desired character at that position.

Electrical Considerations

A major feature of any display device is the readability of the
characters and this relates directly to luminance or brightness of
the device. Luminance is affected by factors such as filament, grid
and anode voltages, as well as duty cycle, phosphor response and
temperature.

The filament voltage (Ef) is selected carefully to produce a fila-
ment temperature near 700°C. Thermionic emission increases
rapidly with filament temperature up to about 600°C where it levels
off. The filament voltage is selected by the tube manufacturer to
work in this saturation region of about 650°C to 700°C. If the fila-
ment temperature is too high (high Ef), the overheating causes
a brightness slump due to evaporation of the oxide. A too low fila-
ment temperature operates on the steep part of the emission curve
and brightness variation becomes large and unstable with slight
voltage variations. The filament voltage should not be used to vary
luminance.

Another factor of filament voltage affects the brightness in multi-
character displays. Using dc voltage for the filament produces a
linearly distributed bias voltage across the filament element
resulting in a non-uniform display brightness. The filament voltage
is specified therefore by the manufacturer as ac; either 60 Hz or
a higher frequency pulse from a dc-to-ac converter. The filament
bias voltage is normally applied to the center tap of the filament
transformer as discussed later.
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Figure 19. Basic Dynamic Drive Circuit

Brightness is also affected by the level of the grid and anode
voltage (currents). To obtain an acceptable brightness level using
adc voltage on the grid or anode takes far less voltage than when
the element is pulsed as shown in the graph of Figure 20. However,
by multiplexing this pulse to many characters (grids) a large power
savings is realized. The relationship of luminance to grid and
anode voltage is given by the expression:

L = K * (ebc)25 (!Tg)

L = Luminance

K = a constant depending on tube type
ebc = grid and anode voltage, where eb = ec
tp/Tr = pulse duty cycle

where:

From the above equation it can be seen that the duty cycle of the
pulse has a bearing on the brightness of the display. When a pulse
voltage is applied to the device a time lag is seen between the
pulse application and the brightness response of the fluorescent
material due to the internal impedance of the tube itself. Figure 21
indicates that this time lag is about 8 s in both rise time and fall
time. It is recommended by display manufacturers that blanking
(no positive voltage to any grid) of about 20 us be provided

BrV(FL)

1400
1200
1000
800
600
400
200

NOTE:

50 60
Eb, Ec (VOLTS)

Eb: ANODE VOLTAGE

Ec: GRID VOLTAGE

BrV: VISUAL SENSIBILITY CORRECTED BRIGHTNESS (FL)
DUTY FACTOR (D.F.): 1/16

Figure 20. Anode Grid Voltage—Brightness

Characteristics (DC and Pulse)
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Controller Power Requirements

8 8
— * " As shown previously, the Rockwell display controllers are of three
types: grid/anode controllers with open drain drivers, and grid con-
trollers and anode controllers with push-pull drivers. The power
LUMINANCE requirements for these controllers will be covered in this section.
RESPONSE \ The factors which affect the power dissipation will also be dis-
cussed: these include voltage variations, temperature affects, and
the display load requirements such as tube type and characters
b 3 being driven.
T, = 25°C
PULSE INPUT
%) |
150 T T T T T T
0 10 20 30 40 50 60 ,
4
TIME (,SEC) w B s
2
Figure 21. Pulse Response of Phosphor g 1007~
2
-
w 75
between the multiplexed digit pulses to assure that the response -3
time lag and extraneous noise does not cause undesirable ﬁ 50
character illumination. Note that brightness will be constant when
duty factor is constant regardless of pulse width except that
brightness will deteriorate when the pulse width nears 8 us or less. 251-
Figure 22 shows the relationship of adjacent multiplexed grid
pulses with the blanking separation. 0 | 1 | — 1 1
-20 0 20 40 60 80
Because the fluorescent material has semiconductor properties o
the luminance is also affected by ambient temperature as shown AMBIENT TEMPERATURE (°C)
in Figure 23. Most display tube manufacturers recommend opera-
tion between -10°C to +55°C. Figure 23. Ambient Temperature Effect
Tr
tp —f le—
! le—1tb Du : DUTY CYCLE
t —>f | M : MULTIPLEXING RATE
— ] T tp : PULSE DURATION
i 2 | tb : INTERDIGIT BLANKING
GRID 1 T FILAMENT LEVEL 2 Tr : REFRESH PERIOD
: : ec : GRID VOLTAGE
. f eb : ANODE VOLTAGE
t i Ek : CATHODE BIAS
e— ] ] ecc : GRID SWING VOLTAGE
GRID 2 ebb : ANODE SWING VOLTAGE
f L Du = tp/Tr
T, = Mxt
4 t =tp+th
? |a ecc =ec + Ek
ANODES . €  ebb=eb+Ek
[ T !‘ D R e pg s
T,"i‘, T, T, To T o -oo Tua Tw T T

Figure 22. Relationship of Adjacent Muitiplexed Grid Pulses with Blanking Separation
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DEVICE TYPE: GRID/ANODE CONTROLLER GRID CONTROLLER ANODE CONTROLLER
DRIVER TYPE: OPEN-DRAIN PUSH-PULL PUSH-PULL
PART NUMBER: 10937, 10951, 10957 10939 10938, 10941, 10942, 10943
vDD -15 £1.5 Vdc -20 £2 Vde ~20 £2 Vdc
MAX Idd AT 25°C 2.12mA 4.0 mA Slave, 6.0 mA Master 3.2mA
Aldd/Vde 0.057 mA/Vdc 0.025 mA/Vdc 0.015 mA/Vde
VGG -50 Vdc -50 Vdc
MAX Igg AT 25°C 0.5 mA 8 mA
Algg/Vde NEGLIGIBLE 0.15 mA/Vdc

Figure 24. Display Controller Architecture
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Device Power Requirements

Figure 24 shows the three basic types of Rockwell display con-
troller devices. They have open-drain or push-pull drivers which
are shown schematically in Figure 25.

Vdd power is used in all three device types for the logic section.
Worst case dissipation is at Vdd max (-16.5 Vdc for the open-drain
device and -22 Vdc for the push-pull devices) and at the lowest
temperature (0°C for the commercial range and —40°C for the
industrial range). Idd varies as a function of applied voltage and
temperature.

Vgg power is dissipated in the push-pull driver devices when an
output grid or anode driver is ON (pulled to Vss). Most of the dis-
sipation is in the logic pre-drivers but a small amount is also used
in the driver itself. At worst case, with Vgg at —50 Vdc and a tem-
perature of —40°C, the maximum drain for each ON grid driver
is 256 mW or 0.5 mA/driver. As an example, since only one grid
driver and the cursor driver can be ON at the same time, the max-
imum Igg load of the 10939 device is 1.0 mA. The maximum drain
for each ON anode driver is 16 mW or .32 mA per driver, so the
maximum Igg load of the anode controller with all 35 anode drivers
ON would be 11.2 mA. Igg varies not only as a function of the num-
ber of drivers ON, but also as a function of applied voltage and
temperature.

Effects of Voltage Variations

The effects of supply voltage variations on current drains are
shown in Figure 26. As Vdd supply voltage increases the current
also increases at rates from approximately 0.015 mA/Vdc to almost
0.06 mA/Vdc depending on device type. Igg also increases as Vgg
increases for the push-pull driver devices as shown for the 1094X
anode driver devices.

Effects of Temperature Variation

As previously stated, the worst case supply current is at the lowest
temperature extremes. The power dissipation in the controller
device for both Vdd and Vgg generally follow the curve shown in
Figure 27. The curve is defined by the equation below and is nor-
malized to +25°C:

K"
Ko' \Tt
Where K’ = K factor at new temperature, T
Ko' = K factor at To (25°C)

T = New temperature, in Kelvin
To = Initial temperature (25°C = 298°K)
m = Exponent, dependent on device materials

Display Load Variations

Current is drawn from the Vgg supply due to the display grid or
anode load itself. This load is a function of the display tube and
may be any load up to the maximum allowed by the device driver.
lioad (Max) for the grid, cursor, point and tail drivers is 20 mA for
the single chip controllers and 10 mA for the grid controller drivers.
The maximum load on the segment drivers of the single chip con-
trollers is 10 mA and the maximum load of the anode drivers is

2 mA each. Each tube type is different and actual current require-
ments must be taken from the manufacturers display tube
specifications. This power is dissipated in the display tube rather
than in the controller device and is also dependent on the number
of grids or anodes that are driven ON.

Character Load Variations

The total device power required is dependent on the number of
grids or anodes being driven ON at any particular moment. The
grids are driven ON sequentially in a multiplexed fashion so that
only one grid is ever enabled at any time. The anodes are driven
individually to form different characters in both the segmented and
dot matrix displays. The anode driver devices are designed with
up to 35 output drivers available as shown in Table 14. However,
not every driver is used to form characters in each application.

Table 14 shows the dot patterns of the 128 character font for the
10938 anode driver device. Except for the inverse mode in which
all the dot patterns are reversed, and character 7F which has all
anodes ON; the worst case dot pattern is letter “B” which has
20 anodes ON. If, for example, a particular application requires
only alpha-numeric characters displayed, the peak drive current
required for the load would be only 57 percent of the worst case
load. With a display tube requiring a maximum load of 2 mA
for each dot anodzs, the total Igg current required would
be (35 x 2mA x 057) 399 mA for the display tube and
(35 x 0.32 mA x 057) 6.4 mA for the 10938 drivers. The average
current would be (35 x 2 mA x 0.384) 27 mA for the display tube
and (35 x 0.32 x 0.384) 4.3 mA for the 10938 drivers. Note,
however, that the actual predominance or frequency of use of each
character has to be considered to obtain a realistic average cur-
rent over a given time period. Table 15 lists the average ratios of
anodes ON per total anodes for the various anode driver devices.

DISPLAY SYSTEM POWER CONSIDERATIONS

The controller device power is not the only power that has to be
considered in deriving display system power requirements. Also
to be considered are the power for the host microprocessor and
the display tube load.

Typical Power Flow

The microprocessor is normally a bipolar or MOS device requir-
ing +5 vdc for its power source. In such a display system the Vss
return for the control devices is returned to the +5 vdc Vcc as
shown in Figure 28. Vdd is a negative supply, referenced to Vss,
to supply the logic sections of the controller device. Vgg is a
negative voltage to supply anode and grid current through the con-
troller output switches to the display, tube. Ek is a positive level
voltage referenced to Vgg for cathode bias (to the center tap of
the filament transformer). The filament voltage is an ac 60 cycle
voltage supplied through a step down transformer or a dc-dc con-
verter output which supplies a chopped high frequency square
wave.




Application Note Intelligent Display Controllers

OPEN-DRAIN DRIVERS Vss
(10937, 10951, 10957)

PUSH PULL-DRIVERS Vss
(10938, 10939, 1094X)

R =~ 860 FROM | = 0 TO 25 MA

Vag

Figure 25. Controller Drive Circuits

0.225 4 10937, 51, 57

0.200
0.175
0.150

Aldd 0.125
(mA)

0.100 10939
0.075-
0.050. 10938, 4X
0.0254
0.000-
AVdd (VDC)
Aldd/AVAd 10937, 51,57 ~ 0.057 mA/Vdc
10939 ~ 0.025 mA/Vdc

10938, 4X =~ 0.015 mA/Vdc
Algg/Avgg 10938, 4X =~ 0.15 mA/Vdc

Figure 26. Effects of Voltage Variation, Aldd/AVdd (at 25°C)
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Ko 10
RATIO
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AMBIENT TEMPERATURE, °C
Temp (°C) | -40 [ 0O | +25 | +70 | +85
K'/Ko'RATIO | 138 | 1.1 | 1.0 | 083 | 078

Figure 27. Effects of Temperature Variations
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10938 Dot Patterns

Table 14.
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Table 15. Character Anodes ON Summary

% Anodes On
Character(s) Display Type 10937, 10957 10938 10941** 10942/43
e Total Anodes 16 35 16 46
* Worst Case Digit(s)* $,%,0 B $,%,0,8 B
Anodes ON 10 20 10 20
% Anodes ON 63.0 571 62.5 435
» Numeric (Avg, %) 460 400 463 311
¢ Alpha all caps (Avg, %) 390 426 389 324
* Alpha lower case (Avg, %) — 334 — 269
* Alpha Caps — Numeric (Avg, %) 410 419 41.0 321
e Alpha — Numeric (Avg, %) 41.0 384 M1.0 299
* All Characters (Avg, %) 24 354 370 272
*Excluding inverse and all dots ON pattern.
** Excluding bargraph

. |c3 r /’ Iss G(Mn Iss G(S“ Issn q
T HOST Vss =
Vec |- svDC (-] + GRID
, L DRIVER (M) A [ e
vdd -_ 20 VDC vdd Vgg GRID T >
—rl - DRIVER (S) Vv
= A.gg Vdd_Ve9 AN;:E
DRIVER b —
vdd Vgg_‘
i s ldd Idd A
- Idd G(M) Idd G(S)
Vgg — ‘J )
50 VDC — ‘J

lgg G‘(y lgg G(S) lgw .Ily
Vee lc cc (HOST)

c = |
vdd Idd = Idd G(M) + Idd G(S) + Idd A
Vag Igg = lgg G(M) + Igg G(S) + lgg A + Ibc

Figure 28. Typical Display System Power Flow
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Example 1: 20-Character Display

Figure 29 shows a 5 x 7 dot matrix 20-character display tube
being driven by a 10938 anode driver and a 10939 grid driver and
controlled by an R6500/1 microprocessor. Five voltage levels are
required including the ac filament voltage of 6 Vac @ 23 mA
typically.

The other voltages are:

Vee of +5 Vdc referenced to Gnd for the microprocessor
Vdd of —20 Vdc referenced to Vss for the driver devices

Vgg of —33 Vdc referenced to Vss for the driver devices

Ek of +6 Vdc referenced to Vgg for the display tube cathode

As discussed before, Vgg is determined by the sum of eb/ec and
Ek. Ek bias above Vgg is normally provided by a zener diode
reference. The ac filament voltage, Ek and eb/ec are specified by
the display tube manufacturer.

The Vcc current requirement is typically 100 mA at +25°C. The
Vdd current requirements from Figure 24 are 6 mA for the 10939
grid driver and 3.2 mA for the 10938 anode driver. Vgg current from
Figure 24 is .25 mA for the 10939 and 8 mA for the 10938,
however, this is at a Vgg of —50 Vdc. At —33 Vdc the 10938 cur-
rent reduces at a rate of 0.15 mA/Vdc for a total of [8—(0.15)(17)]
5.5 mA. Other lgg components from the display tube
characteristics include the anode drive of 2.7 mA/all dots ON, and
the grid drive of 2.9 mA. This total Igg current of 11.3 mA is
representative of all 35 dots on continuously.

e _ FUTABA
I I 20-SD-01Z
Vee Vss m
HOST 10938 j
uP Voo * vddVag| b —>
Vee
5 x 7 DOT MATRIX
20 CHARACTER DISPLAY
vdd R6500/1 | Vss '> eblec = 27 VDC
10939 > ib/ALL DOTS = 2.7 mA,
GND MASTER ic > ic/DIG =29mA
Y Vdd V.
GND, 1 99
Vag >
[E: Ef = 6.0 VDC at 23 mA
O rZS/Ek = 6.0V
Vec = +5VDC *PULLUPS REQUIRED ON
Vdd = -20 VDC ALL INPUTS FROM
Vgg = (Vebc + Ek) = -33 VDC TTL SOURCES
(1) 10939 (1) 10938 DISPLAY TUBE TOTAL
GRID DRIVE ANODE DRIVE ib ic (mA)
AT 25°C, TYPICAL
* ldd (AT 20 VDC) 6.0 © 3.2 - - 9.2
* Igg (AT -33 VDC)
ALL DOTS “ON” 0.2 5.5 2.7 2.9 11.3
ALPHA NUMERIC ONLY 0.2 2.1 1.1 2.9 6.3
PEAK, LETTER “B” 0.2 3.1 1.5 2.9 7.7
AT -40°C WC.
« Idd (AT —22 VDC) 13.6 4.5 - - 18.1
* Igg (AT -36 VDC)
ALL DOTS “ON" 0.5 8.2 3.7 4.0 16.4

Figure 29. 20 Character Display Example
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For display operation of alphanumerics only, with an average of
38.4 percent of the dots ON as shown in Table 15, anode drive
currents reduce to a total Igg of 6.3 mA. Peak Igg for the letter
“B"" increases anode drive current to 57 percent of all dots for
a total of 7.7 mA.

Worst case power dissipation is also shown in Figure 29. This is
at maximum voltage excursions and a temperature of —40°C.
(Keep in mind, however, that most VF display tubes are recom-
mended for operation down to only about — 10°Cto —20°C.) Idd
at - 22 Vdc increases by 0.03 mA for the 10938 (as shown in
Figure 24) to 3.23 mA. Figure 27 shows that a factor of 1.38 is
used to determine Idd or Igg at - 40°C so that the total Idd
becomes (3.23 + 1.38) 4.5 mA. Igg for the 10938 becomes
[(6.5 mA + 0.15 mA/Vdc » 3 Vdc) 1.38] 8.2mA. The same
procedure is used to determine the grid driver current require-
ments. lgg is assumed to increase by 50 percent worst case. The
tube currents ib and ic are assumed to increase by 20 percent
as temperature decreases from +25°C to - 20°C and voltage
increases to maximum which is worst case for VF display tubes.

Note in these examples that the cursor drive requirements for the
10939 and display tube have not been included and would have
to be added to the totals when used.

Example 2: 40-Character Display

Figure 30 shows how the 10939 controller devices are cascaded
to control the 40-character display tube. The 10942/43 devices
are used in parallel to provide an expanded font capability for a
5 x 12 dot matrix.

The current requirements for this system are determined in the
same way as in Example 1. Note that when two 10939s are used,
the logic current (Idd) is the sum of a master and one slave but
the grid drive current (Igg) remains the same. This is because in
amaster-slave configuration only one grid is enabled at any given
moment giving a constant Igg and ic load of a single grid.

For this example Vgg is —50 Vdc (eb/ec of 41 Vdc and Ek of
9 Vdc) for an Igg of .25 mA for the grid drivers. However, only 23
of the 35 drivers are used in the anode driver bringing the total
to 5.25 mA/device. For totally alphanumeric applications the
anode currents reduce to 30 percent of all dots ON and the peak
currents for letter ‘‘B” reduce to 43.5 percent of full ON.

The worst case power dissipation at voltage and temperature
extremes are calculated in the same way as in Example 1.

6-61

Example 3: Two-line by 40-Character Display

Figure 31 is an example of a more advanced display system. The
major difference between this example and Example 2 is that two
grids are enabled at the same time (one in each line) and there-
fore the grid drive current and Ic are doubled.

Power Source

The power source for the display systems can be derived from
standard power supplies, custom designs, or DC-DC converters.

Four separate standard supplies could be used to furnish the four
dc voltages required for Example 1 as shown in Figure 32. This
is expensive, however, and the proper voltage levels are not really
“standard” in most cases, and therefore not readily available.
Tracking of the power supplies upon power turn-on and turn-off
could also be a problem. The structure of the PMOS display driver
devices is such that Vgg should not be more negative than Vdd
unless Vdd is at —10 Vdc or greater; otherwise, damage to the out-
put drivers is possible. If the 40 Vdc Vgg supply has much faster
response than the 20 Vdc Vdd supply in Figure 32, this problem
could exist.

Figure 33 shows how the voltages could be derived using only two
standard supplies and zener diodes for the other levels. Using a
zener diode to generate Vdd from the Vgg supply level assures
that the Vdd and Vgg levels “track” all the way to Vdd. This is also
shown in Figure 33. Another zener is used to generate the Ek bias
voltage above Vgg for the filament transformer center tap.

DC-DC converters are also available that have been designed
specifically to provide the power requirements for particular
display tube types available in the marketplace. As shown in
Figure 34, these converters normally oscillate the low voltage dc
input through a step-up transformer and then rectify and filter the
high frequency square wave to provide the desired output voltage.
A dc feedback is applied to the input oscillator transistor to adjust
the oscillation duty cycle and thus provide a constant voltage out-
put. To provide multiple dc output levels (such as for Vdd and Vgg)
multi-turn secondary transformer taps and rectifier filter sections
are included in the design. See Reference 3 for addresses of DC-
DC converter vendors.

FOOTPRINTS

Figure 35 contains the pin configurations of all the products of the
Intelligent Display Controller family.
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10942
‘r‘/a ‘
> Ve Ve [Tip 40 CHARACTER eblec = 41vDC
\ \ 5 x 12 DOT MATRIX ib/ALL DOTS = 15 TO 30 mA
NORITAKE ib/46 ANODES = 9.9 TO 19.7 mA
DC4010A2 ic/DIGIT =12T024 mA
:zs ﬂ
10943 b : i
$
|
vdd  Vgg |
ic | = o| fc
\ N N —0
QEf = 9.7v AT 104 MA
1
10939 > 10939 éi
(M) (S)
vdd Vgg r Vdd Vagg
Vee
. . ; Vec = +5VDC
:2;1 " 1 Vdd = -20VDC
Vgg = (41 + 9) = —50 VDC
Ve€ ——{ Ve
VCC
Vdd O— .
Vag O-
*PULLUPS REQUIRED ON ALL
INPUTS FROM TTL SOURCES (2) 10939 (1) 10942
. . (1) 10943 _DISPLAY TUBE TOTAL
, GRID DRIVE ANODE DRIVE ib ic (mA)
AT 25°C, TYPICAL M s '
« 1dd (AT —20 VDC) 6.0 4.0 6.4 - - 16.4
« Igg (AT ~50 VDC)
ALL DOTS “ON" 0.3 10.5 15.0 12.0 37.8
ALPHA NUMERIC ONLY 0.3 3.2 45 12.0 20.0
PEAK, LETTER “B" 0.3 4.6 9.4 12.0 25.3
AT —40°C WC.
« Idd (AT —22 VDC) 13.6 9.1 ‘ 8.9 - - 31.6
« Igg (AT -55 VDC)
ALL DOTS “ON" 0.5 14.5 18.0 14.4 47.4

Figure 30. 40 Character Display Example
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—|
10038
2 LINE ebl/ec = 42VDC
Ek = 8VDC
2 x 40 CHARACTER
s 7 DOT MATRIX ib/ALL DOTS = 7.5 to 15 mA
NORITAKE ic/DIGIT = 151t0 25 mA
>l DC40026B2 Ef = 9 VAC AT 15 mA
L —
% &
HOST 10939 #1 10939
é Vee* m
f 1 = l ﬁ
> 10939 g
| s
(SEE FIGURE 15 FOR TYPICAL INTERCONNECTIONS.)
(4) 10939 (2) 10938 _DISPLAY TUBE TOTAL
GRID DRIVE ANODE DRIVE ib ic (mA)
AT 25°C, TYPICAL M @3S
« Idd (AT -20 VDC) 6.0 12.0 6.4 - - 22.4
« Igg (AT -50 VDC)
ALL DOTS “ON" 0.5 16.0 15.0 30.0 61.5
ALPHA NUMERIC ONLY 0.5 6.2 5.8 30.0 425
PEAK, LETTER “B" 0.5 9.2 8.6 30.0 48.3
AT —40°C W.C.
« Idd (AT —22 VDC) 13.6 27.3 9.0 - — 49.9
* Igg (AT -55 VDC)
ALL DOTS “ON" 1.0 22.4 18.0 36.0 77.4
*PULLUPS REQUIRED ON
ALL INPUTS FROM
TTL SOURCES

Figure 31. Advanced Display System Example
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5VDC Vee
+ +
o
+ +
Vvdd
40 VDC 20 VvDC
Vag
- I - -
+ [ 1°
6.8 VDC Ek

Figure 32. Standard Power Supply Source
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I 0 GND

5VDC
5VvDC

. » ’ 0 Vss, Vcc
+ 1N4747 l
20 VvDC
40 vDC K 40 VvDC
Vi

o Vdd T
Ek —1 6 VAC
- % 3900 [ T -
1N4736 T 6.8 VDC
. . l o Vag Q
Vee
+5VDC —_—
ovbC _————— = = — — — — ==
-20 VDC /7 vdd
Vag
-40 VDC 77
—{150 MS |[~—
—>| 200MS |<— -t 800 MS >
<4 TURN-ON —» -+ TURN-OFF —

Figure 33. Modified Power Supply Source
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OSCILLATOR STEP-UP RECTIFIER-
L —— > - FILTER 0
DC i I pc
INPUT | | OUTPUT(S)
o—n > —> A
TRANSISTOR | TRANSFORMER CIRCUIT
[
AC OUTPUT
VOLTAGE -
REGULATOR _bc

Figure 34. DC-DC Converter Power Source
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Vpp (] 1 40 [] DATA-LOAD Voo [ 1 24 [] DATA-LOAD Vpp ] 1 28 [] DATA-LOAD
Vgs [] 2 39 [] SCLK-DIS Vgs [ 2 23 [} SCLK-DIS Ves ] 2 27 [ SCLK-DIS
SG35 [] 3 38 [ SGo1 PNT [ 3 22 [ SGO1 SG23 | 3 26 [—] SGO1
SG34 ] 4 37 [ SG02 TAIL (] 4 21 [] SGo02 SG22 ] 4 25 [—] SGO02
SG33 ] 5 36 [] SGO03 NOTUSED [] 5 20 [—] SGo03 SG21 | 5 24 [ SGO3
SG32 | 6 35 [] SGo04 SG16 [—| 6 19 [] SGo4 SG20 | 6 23 [ SG04
SG31 [| 7 34 [] SGO5 SG15 [] 7 18 [ SGO5 SG19 ] 7 22 [ SGO5
SG30 ] 8 33 [] SG06 SG14 ] 8 17 [ SG06 SG18 [] 8 21 [ SG06
SG29 | 9 32 [ SGo07 SG13 ] 9 16 [ Vga SG17 ] 9 20 [ SGO7
SG28 ] 10 31 [ SGos SG12 ] 10 15 [ SGO7 SG16 | 10 19 [ SGo8
SG27 [—| 1 30 [—] SGO09 SG11 | 11 14 [ SGO8 SG15 | 11 18 [ Vag
SG26 | 12 29 [—] SG10 SG10 ] 12 13 [] SG09 SG14 [ 12 17 [ SG09
SG25 ] 13 28 ] SG11 SG13 ] 13 16 [ SG10
SG24 ] 14 27 [ sG12 Ano‘d":“n‘river SG12 | 14 15 [ SGN
§G23 ] 15 26 ] Voo Multi-Chip Display Controller 10942 and 10943
SG22 [] 16 25 [ ] SG13 Anode Driver
SG21 ] 17 24 [ SG14 Multi-Chip Display Controller
SG20 ] 18 23 [] SG15
SG19 ] 19 22 [ ] SG16
SG18 [ 20 21 [] SG17
10938
Anode Driver
Multi-Chip Display Controller
SCLK-DIS [ 1 40 [] DATA-LOAD vss [ 1 40 [ PNT
sop [ 2 39 [ 1 MASTER AD16 [ 2 39 [ TAIL
sip ] 3 38 [ 1 CLOCK AD15 [ 3 38 [ SGP
POR [] 4 37 [ Vpp AD14 [] 4 37 [ sGO
Lb s 36 [ Vgg AD13 [ 5 36 [ 1 SGN
Do ] 6 35 [ Vgg AD12 [ 6 35 [1 sGM
p1 ] 7 34 [ STRoo AD11 [ 7 34 [ sGL
D2 ] 8 33 [ STRo1 AD10 [ 8 33 [ SGK
D3 o 32 [ STRO2 AD9 [ 9 32 [ say
D4 ] 10 31 [ STRo03 AD8 ] 10 31 [ sal
ps [ 11 30 [ STRo4 AD7 T 11 30 [] SGH
pe [ 12 29 [ STRO5 AD6 [ 12 29 [ SGG
p7 [ 13 28 [ STR06 AD5 ] 13 28 [ sGF
CURSOR [ 14 27 [—J STRO7 AD4 [ 14 27 [ SGE
STR19 [] 15 26 [ STRo8 AD3 ] 15 26 [ sGD
STR18 [ 16 25 [1 STRO9 AD2 [] 16 25 [ sGec
STR17 [ 17 24 [ STR10 AD1 [ 17 24 [ sGB
STR16 [ 18 23 [ STR11 vbp ] 18 23 [1 SGA
STR15 [] 19 22 [ STR12 A 19 22 [ scLK
STR14 [ 20 21 [ STR13 POR [ 20 21 [ DATA
10939
Grid Driver 10937, 10951 and 10957
Multi-Chip Display Controller Single Chip Display Controller

Figure 35. Pin Configurations of Intelligent Display Controllers
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Intelligent Display Controllers

REFERENCES
1. Application Notes

* A Dot Matrix Controller System Design using the
" 10938/10939 Display Drivers and R6500/1EB Micro-
computer,” Rockwell International, APP Note Order
No. 2163, PO. Box C, Newport Beach, CA 92660.

* “Vacuum Fluorescent Display,” Application Notes AP-01
through AP-05. Noritake Electronics (See Reference 2.)

2. Vacuum Fluorescent Display Tubes

e Futaba Corporation
555 West Victoria Street
Compton, CA 90220
(213) 537-9610
142 Crossen
Elk Grove Village, IL 60007
(312) 364-7204

* Noritake Electronics, Inc.
22410 Hawthorne Boulevard, Suite #6
Torrance, CA 90505
(213) 373-6704
1822 Brummel Drive
Elk Grove Village, IL 60007
(312) 439-9020
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3. DC-DC Converters

e FUJI Electrochemical Co., Ltd.
16921 South Western Avenue
Gardena, CA 90247
(213) 323-1134

* TDK Corp. of America
3102 Kashiwa Street
Torrance, CA 90505
(213) 539-6631
4711 West Golf Road, Suite 300
Skokie, IL 60076
(312) 679-8200



ROCKWELL SEMICONDUCTOR PRODUCTS SALES OFFICES

REGIONAL SALES OFFICES/ROCKWELL SEMICONDUCTOR PRODUCTS

HEADQUARTERS

0104

Semiconductor Products Division
Rockwell International

4311 Jamboree Road

P.0. Box C, MS 501-300

Newport Beach, California 92660-3095

(714) 833-4700
TWX:910 591-1698

UNITED STATES/CANADA
0105

Semiconductor Products Division
Rockwell International

4311 Jamboree Road

Newport Beach, California 32660-3095

(714) 833-4655
TWX: 910 591-1698

0106

Semiconductor Products Division
Rockwell International

3375 Scott Blvd,, Suite 410
Santa Clara, Callfornna 95054
(408) 980-1900

FAX: (408) 980-0744

0109

Semiconductor Products Division
Rockwell International

3081 Holcomb Bridge Rd., Suite A
Norcross, Georgia 30071

(404) 446-7414

FAX: (404) 446-7598

0101

Semiconductor Products Division
Rockwell International

2001 N. Collins Blvd., Suite 103
Richardson, Texas 75080

(214) 996-6500

TLX: 650 227-9516

FAX:(214) 996-7812

0102

Semiconductor Products Division
Rockwell International

10700 West Higgins Rd.

Suite 102

Rosemont, lllinois 60018

(312) 297-8862

FAX:(312) 297-3230

0103

Semiconductor Products Division
Rockwell International

5001B Greentree

Executive Campus, Rt. 73
Marlton, New Jersey 08053
(609) 596-0090

MCI: 6502229511

FAX: (609) 596-5681

0107

Semiconductor Products Division
Rockwell International

2 Burlington Woods Drive
Burlington, Massachusetts 01803
(617) 272-5645

MCI: 6502512464

FAX: (617) 273-2399

0111

Semiconductor Products Division
55 Town Center Court

Suite 700

Scarborough, Ontario

Canada M1P 4X4

(416) 296-1644/1645

TLX: 06525235

FAX: (416) 296-1259

FAR EAST

0240

Semiconductor Products Division
Rockwell International
Overseas Corp.

Dai-ichi Hirakawa-cho Bldg.
7-6, 2-chome, Hirakawa-cho
Chiyoda-ku, Tokyo 102, Japan
(81-3) 265-8808
TLX:J22198

FAX: (81-3) 263-0639

0263

Rockwell International Ltd.
904 World Wide House

19 Des Voeux Road Central
Hong Kong

(852-5) 246-033

TLX: HX74071

EUROPE

0201

Semiconductor Products Division
Rockwell International GmbH
Fraunhoferstrasse 11

D-8033 Munchen-Martinsried
West Germany

(49-89) 857-6016

TLX: 521-2650 rimd d

FAX: (089) 8.57.57.93

0202
Semiconductor Products Division
Rockwell International Limited
Central House
3, Lampton Road
Hounslow, Middlesex,
TW3 1HY England
(44-1) 577-2800 -or-
(44-1) 577-1034
TLX: 265871 -
MONREF G REF. DUC001

0210

Semiconductor Products Div. GmbH
Rockwell International
Isafjordsgatan 11

163 40 Spanga

Sweden

(46-8) 751-5000

TLX: 122442

0246

Semiconductor Products
Rockwell-Collins Italiana S.P.A.
Via Boccaccio, 23

20123 Milano, italy

FAX: (39-2) 498-1450

TLX: 316562 RCIMIL 1

0278

Semiconductor Products Division
Rockwell International

Immeuble Bureaux Evry 2

523, Place des Terrasses

91034 Evry Cedex, France
(33-16) 497-2828

TLX: 690-328

FAX: (33-16) 078-2888

SOUTH AMERICA

0110

Semiconductor Products Division
Rockwell International

3375 Scott Blvd,, Suite 410
Santa Clara, CA 95054

(408) 980-1900

TWX: 650 260-6750

CENTRAL AMERICA/MEXICO
0110

Semiconductor Products Division
Rockwell International

4311 Jamboree Rd.

P.0.Box C, M S 501-301

Newport Beach, CA 92658-8902
(714) 833-4655
TWX:910591-1698

For applications assistance, price quotations or technical literature on Rockwell modem, controller and high speed telecommunication products,
call your local Rockwell Semiconductor and Products Division sales office.

ALABAMA
2000

Robert O. Whitesell & Associates
Braham Springs Professional Village

2227 Drake Ave,, SW., Ste. 10-F
P.O.Box 1797
Huntsville, AL 35807
(205) 883-5110
FAX: 205 882-9626

ARKANSAS
2026
Norcom Inc.
2227 S. Garnett Rd., Ste. 109A
(Tulsa, Oklahoma 74129)
(918) 832-7747
TWX: 910 845-2298

CALIFORNIA

2033

Centaur Corporation

18006 Skypark Circle, Ste. 106
Irvine, CA 92714

(714) 261-2123

TWX: 910 595-2887

FAX: (714) 261-2905

2037

Centaur Corporation

23901 Calabasas Fld Ste. 1063
Calabasas, CA 913

(818) 704-1655

2045

Centaur Corporation
9420 Farnham, Suite 201A
San Diego, CA 92123
(619) 278-4950

FAX: (619) 278-0649

2060

Criterion Sales Inc.

3350 Scott Bivd,, Bidg. #44
Santa Clara, CA 95054-3126
(408) 988-6300

FAX: (408) 986-9039

COLORADO
2072
Quorum 3
8000 E. Girard Ave., Suite 302
Denver, CO 80231
(303) 696-8480
TWX: 910 997-8013
FAX: (303) 696-8579

CONNECTICUT
2004
Kitchen & Kutchin
23 Peck Street
North Haven, CT 06473
(203) 239-0212
TWX:910 474-0011

DELAWARE
2003
Beacon North
103-F Carpenter Dr.
(Sterling, VA 22170)
(703) 478-2480

FLORIDA
2005
Currie, Peak & Frazier, Inc.
7335 Lake Ellenor Dr.
Orlando Central Park, FL 32809

FAX: (305) 855-5619

A1

GEORGIA
2002
Currie, Peak and Frazier, Inc.
5664 Peachtree Parkway, Ste. J
Norcross, GA 30092
(404) 449-7662

IDAHO
Westerberg Associates
(See Bellevue, Washington)

ILLINOIS
2006
LTD Technologies Inc.
810 Arlington Heights Rd.
Itasca, IL 60143
(312) 773-2900
TWX: 332415
FAX: (312) 773-0358

INDIANA
2007

Robert O. Whitesell & Associates

3426 Taylor St.

Fort Wayne, IN 46804
(219) 432-5591

TWX: 810 332-1416

2008

Robert 0. Whitesell & Associates

6691 E. Washington St.

P.O. Box 19904
Indianapolis, IN 46219-0904
(317) 359-9283

TWX: 810 341-3320

FAX: (317) 359-2091

SALES REPRESENTATIVES - UNITED STATES/CANADA

2009

Robert O. Whitesell & Associates
1825 S. Plate. Su!le

Kokomo, IN 4

(317) 457-9127

TWX: 810 269-1917

IOWA
2070
Dy-Tronix Inc.
23 Twixt Town Rd. N.E., Ste. 201
Cedar Rapids, |A 52402-3297
(319) 377-8275
FAX:(319) 377-9163

KANSAS
2081
Dy-Tronix Inc.
1999 Amidon, Suite 322
Wichita, KS 67203-2124
(316) 838-0884

KENTUCKY
2082
Robert O. Whitesell & Associates
313 Lagrange Rd.,, Suite 201
P.O. Box 797
Pewee Valley, KY 40056-9998
(502) 241-8977

LOUISIANA
Robert O. Whitesell & Associates
(See Huntsville, Alabama)

MAINE
Kitchen & Kutchin, Inc.
(See Burlington, Massachusetts)



SALES REPRESENTATIVES - UNITED STATES/CANADA (cont’d)

MARYLAND
Beacon North
(See Sterling, Virginia)

MASSACHUSETTS
2012
Kitchen & Kutchin, Inc.
87 Cambridge St.
Burlington, MA 01803
(617) 229-2660
FAX:(617) 273-5895

MICHIGAN
2011
R.O. Whitesell & Associates
8332 Office Park Dr., Ste. A
Grand Blanc, MI 48439-2035
(313) 695-0770
TWX: 810 224-4939

2013

Robert O. Whitesell & Associates
688 Cascade West Parkway S.E.
Grand Rapids, MI 49506

(616) 942-5420

2014

Robert O. Whitesell & Associates
18444 W. 10 Mile Rd.

Southfield, M1 48075

(313) 559-5454

TWX: 510 601-2458

2015

R.O. Whitesell & Associates
1822 Hilltop Rd.

St. Joseph, MI 49085

(616) 983-7337

MINNESOTA
2077
Electronic Innovators, Inc.
9727 Valley View Rd.
Eden Prairie, MN 55344
(612) 941-0830
TWX: 499-7805
FAX:(612) 941-6193

MISSISSIPPI
Robert O. Whitesell & Associates
(See Huntsville, Alabama)

MISSOURI
2068
Dy-Tronix Inc.
3407 Bridgeland Drive
Bridgeton, MO 63044
(314) 291-4777
FAX: (314) 291-3861

2069

Dy-Tronix Inc.

8801 E. 63rd St,, Ste. 108
Raytown, MO 64133-4865
(816) 356-6340

MONTANA
2067
Rockwell International
10700 W. Higgins, Ste. 102
(Rosemont, IL 60018)
(312) 297-8862
TWX: 910 233-0179

NEBRASKA
Dy-Tronix Inc.
(See Cedar Rapids, lowa)
(See Bridgeton, Missouri)

NEVADA
Criterion Sales Inc.
(See Santa Clara, California)

NEW HAMPSHIRE
Kitchen & Kutchin, Inc.
(See Burlington, Massachusetts)

NEW JERSEY
2043
PAF Associates
508 Main St.
Boonton, NJ 07005
(201) 335-0680

2017

Naudain Associates

The Pavilions at Greentree
Route 73, Ste. 307
Marlton, NJ 08053

(609) 983-5300

FAX: (609) 596-5367

NEW MEXICO
2018
Rep New Tec
9219 Lagrima De Oro Rd., N.E.
Albuquerque, NM 87111
(505) 293-2582

NEW YORK
2048
Ossmann Component Sales Corp.
6666 Old Collamer Rd.
East Syracuse, NY 13057
(315) 437-7052
FAX: (315) 437-2332

2049

Ossmann Component Sales Corp.
280 Metro Park

Rochester, NY 14623

(716) 424-4460

TWX: 310 493-7053

FAX: (716) 427-2861

2020

PAF Associates

120 W. Main St.
Smithtown, LI, NY 11787
(516) 360-0940

MCi: 6502811354

NORTH CAROLINA
2021
Currie, Peak and Frazier, Inc.
1212 Grove St.
P.O. Box 5588
Greensboro, NC 27403
(919) 373-0380

NORTH DAKOTA
Rockwell International
(See Rosemont, Hlinois)

OHIO
2022
Robert O. Whitesell & Associates
1172 West Galbraith
Cincinnati, OH 45231
(613) 521-2290

2023

Robert O. Whitesell & Associates
6000 West Creek Rd,, Suite 21
Cleveland, OH 44131

(216) 447-9020
TWX:810427-2211

2024

Robert O. Whitesell & Associates
6161 Busch Blvd., Ste. 108
Columbus, OH 43229

(614) 888-9396

TWX: 801 337-2076

2025

Robert O. Whitesell & Associates
4133 South Dixie Ave.

Dayton, OH 45439

(513) 298-9546

TWX: 510 601-2416

OREGON
2079
Westerberg Assoc., Inc.
7165 S.W. Fir Loop
Portland, OR 97223
(503) 620-1931

PENNSYLVANIA
Naudain Associates
(See Marlton, New Jersey)

2028

Robert O. Whitesell & Associates
1360 Old Freeport Rd., Ste. 1-B
Pittsburgh, PA 15238

(412) 963-6161

RHODE ISLAND
Kitchen & Kutchin, Inc.
(See Burlington, Massachusetts)

SOUTH DAKOTA
Rockwell International
(See Rosemont, lllinois)

TENNESSEE
2029
Robert O. Whitesell & Associates
408 Cedar Bluff Rd,, Ste. 145
Knoxville, TN 37923
(615) 694-9476

TEXAS
2031
Norcom, Inc.
8330 Burnet Rd.,, Suite 106
Austin, TX 78758
(512) 451-2757
TWX: 910 874-1383

2030

Norcom, Inc.

4450 Sigma Rd.
Suite 135

Dallas, TX 75234
(214) 386-4888
FAX:(214) 386-4907

2032

Norcom, Inc.

8502 Tybor, Suite 115
Houston, TX 77074
(713) 778-0392

TWX: 910 881-1056

2080

Norcom, Inc.

7110 Mountain Grove
San Antonio, TX 78250
(612) 680-4513

UTAH
2073
Quorum 3
7427 Parkcrest Ct.
Salt Lake City, UT 84121
(801) 943-9227

VERMONT
Kitchen & Kutchin, Inc.
(See Burlington, Massachusetts)

VIRGINIA
2034
Beacon North, Inc.
103-F Carpenter Dr.
Sterling, VA 22170
(703) 478-2480
TLX: 510 600-8363
FAX: (703) 435-7115

WASHINGTON
2078
Westerberg Assoc., Inc,
12505 N.E. Bel- Red Rd Ste 12
Bellevue, WA 98005

FAX: (206) 453-8758

WASHINGTON, D.C.
2076
Beacon North
103-F Carpenter Dr.
(Sterling, VA 22170)
(703) 478-2480

WEST VIRGINIA
Robert O. Whitesell & Associates
(See Cincinnati, Ohio)

WISCONSIN
2058
Larsen Associates Inc.
10855 W. Potter Rd.
Wauwatosa, Wl 53226
(414) 2568-0529
FAX: (414) 258-9655

WYOMING
Quorum 3
(See Denver, Colorado)

CANADA
2036
Renmark Electronics Limited
110 West Beaver Creek Road, Ste. 7
Richmond Hill, Ontario
Canada L4B 1J9
(416) 881-8844
FAX: (416) 881-8848

2047

Renmark Electronics Limited
1445 Woodruffe Ave.

Ottawa, Ontario

Canada K2G 1W1

(613) 727-0320 ’
FAX: (613) 727-5527

AUSTRALIA
2046 '
VS| Electronics Pty. Limited
16 Dickson Ave.
Artarmon, NSW
2064 Australia
(02) 439-4655
TLX: AA22846
FAX: (02) 439-6435

BRAZIL
2070
Round Valley Services
478 West 650 South
Orem, UT 84058
(801) 224-5773
FAX: (801) 375-6880

NEW ZEALAND
2050
VS| Electronics, (N.Z.) Ltd.
Private Bag, Newmarket
Auckéand' New Zealand

FAX: (9) 593694



you, call the nearest Rockwell Semiconductor Products Division sales representative.

ALABAMA
1000
Hamilton/Avnet Electronics
4940 Research Dr. N.W.
Huntsville, AL 35805
(205) 837-7210
TWX:810726-2162

1001

Quality Components
4900 University Sq., Ste. 20
Huntsville, AL 35816

(205) 830-1881

1188

Marshall Industries

3313 Memorial Parkway South
Huntsville, AL 35801

(205) 881-9235

ARIZONA
1002
Hamilton/Avnet Electronics
505 So. Madison Dr.
Tempe, AZ 85281
(602) 231-5100
TWX:910 950-0077

1167

Marshall Industries
9830 So. 51st Street
Suite B121

Phoenix, AZ 85044
(602) 496-0290

CALIFORNIA
1157
Zeus West Anaheim
1130 Hawk Circle
Anaheim, CA 92807
(714) 632-6880

1158

Marshall Industries
9710 De Soto Avenue
Chatsworth, CA 91311
(818) 407-4100

1149
Hamilton/Avnet
9650 De Soto Ave.
Chatsworth, CA 91311
(818) 700-6500

1004

Avnet Electronics
350 McCormick

Costa Mesa, CA 92626
(714) 754-6111

TWX: 910 595-2638

1005

Hamilton Electro Sales
3170 Pullman St.

Costa Mesa, CA 92626
(714) 641-4100

1003

Hamilton Electro Sales
10950 Washington Blvd.
Culver City, CA 90230
(213) 558-2000

(213) 558-2441 (Int'l Group)

1159

Marshall Industries
9674 Telstar Avenue
El Monte, CA 91731
(818) 459-5500

1155

Hamilton Electro Sales
1361-B West 190th St.
Gardena, CA 90248
(213) 217-6748

1190

Marshall Industries
1 Morgan Avenue
Irvine, CA 92710
(714) 859-5050

1194

Marshall Industries
336 Los Coches St.
Milpitas, CA 95035
(408) 942-4600

1196

Hamilton/Avnet Electronics
3002 East G. Street

Ontario, CA91764

(714) 989-4602

1172

Marshall Industries

3039 Kilgore Avenue, #140
Rancho Cordova, CA 95670
(916) 635-9700

1092

Hamilton/Avnet Electronics
4103 Northgate Bivd.
Sacramento, CA 95834

(916) 925-2216

1007

Hamilton/Avnet Electronics
4545 Viewridge Ave.

San Diego, CA 92123
(619)571-7510

TWX:910 335-1216

1173

Marshall Industries
10105 Carroll Canyon Rd.
San Diego, CA 92131
(619) 578-9600

1174

Zeus

1580 Old Oakland Rd., Ste. 205
San Jose, CA 95131

(408) 998-5121

1178

Western Microtechnology Inc.

12900 Saratoga Avenue
Saratoga, CA 95070
(408) 725-1660

FAX: (408) 255-6491
TWX: 910 338-0013

1008

Hamilton/Avnet Electronics
1175 Bordeaux Dr.
Sunnyvale, CA 94086

(408) 743-3355

TWX: 910 339-9332

1152

Image Electronics
1342 Bell Ave.
Tustin, CA 92680
(714) 259-0900

COLORADO
1185
Marshall Industries
12351 N. Grant
Thornton, CO 80241
(303) 451-8444
FAX: (303) 457-2899

1009

Hamilton/Avnet Electronics
8765 E. Orchard Rd, Ste. 708
Englewood, CO 80111

(303) 740-1000

TWX: 910 935-0787

CONNECTICUT
1011

1182

Marshall Industries
20 Sterling Dr.
Barnes Ind. Park, N.
Post Office Box 200
Wallingford, CT 06492
(203) 265-3822

1008

Almo Electronics

31 Village Street
Wallingford, CT 06492
(203) 269-6801

FLORIDA
1013
Hamilton/Avnet Electronics
6801 N.W. 15th Way
Fort Lauderdale, FL 33309
(305) 971-2900
TWX: 510 956-3097

1186

Marshall Industries
2700 W. Cypress Creek
Suite C106

Ft. Lauderdale, FL 33309
(305) 977-4880

Reptron

3320 N.W. 53rd Street
Ft. Lauderdale, FL 33309
(305) 735-1112
FAX:(305) 735-1121

1165

Marshall Industries
4205 34th Street, SW.
Orlando, FL 32811
(305) 841-1878

1066

Zeus

1750 West Broadway
Suite 114

Ovievo, FL 32765
(305) 365-3000

1014

Hamilton/Avnet Electronics
3197 Tech Dr. North

St. Petersburg, FL 33702
(813) 229-7010

TWX: 810 863-0374

1018

Marshall Industries
2840 Scherer Dr.

Suite 410

St. Petersburg, FL 33702
(813) 576-1399

1019

Reptron

14501 McCormick Dr.
Tampa, FL 33625
(813) 855-4656

1146

Hamilton/Avnet Electronics
6947 University Blvd.

Winter Park, FL 32792

(305) 628-3888

Quality Components
(800) 241-0037

GEORGIA
1015
L, /Avnet Electronics

/Avnet E| ics
Commerce Industrial Park
Commerce Dr.

Danbury, CT 06810

(203) 797-2800

TWX: 710 456-9974

1012

J.V. Electronics

690 Main St.

East Haven, CT 06512
(203) 469-2321

5826D Peachtree Corner E.
Norcross, GA 30092

(404) 447-7500

TWX: 810 776-0432

1176

Marshall Industries
4350-J International Blvd.
Norcross, GA 30093
(404) 923-5750

FAX: (404) 923-2743

A3

INDUSTRIAL DISTRIBUTORS - UNITED STATES/CANADA
The following Distributors stock Rockwell modem, controller and high speed telecommunication products. If there is no distributor location close to

1174

Quality Components

6145 Northbelt Pkwy., Ste. B
Norcross, GA 30071

(404) 449-9508

FAX: (404) 449-0275

ILLINOIS
1016
Advent Electronics
7110-16 N. Lyndon St.
Rosemont, IL 60018
(312) 298-4210

1017

Hamilton/Avnet Electronics
1130 Thorndale Ave.
Bensenville, IL 60106

(312) 860-8522

TWX: 910 227-0060

1180

Marshall Industries
1261 Wiley Road, #F
Schaumburg, IL 60195
(312) 490-0155

INDIANA
1036
Hamilton/Avnet Electronics
485 Gradle Dr.
Carmel, IN 46032
(317) 844-9333
TWX: 810 260-3966

1035

Advent Electronics
8446 Moller Rd.
Indianapolis, IN 46268
(317)872-4910

1189

Marshall Industries
6990 Corporate Dr.
Indianapolis, IN 46278
(317) 297-0483

IOWA

1086

Advent Electronics
682 58th Ave. Ct. S.W.
Cedar Rapids, |A 52404
(319) 363-0221

1085

Hamilton/Avnet

915 33rd Ave,, S.W.
Cedar Rapids, 1A 52404
(319) 362-4757

KANSAS
1191
Marshall Industries
8321 Melrose Dr.
Lenexa, KS 66214
(913) 492-3121

1037

Hamilton/Avnet Electronics
9219 Quivira Rd.

Overland, KS 66215

(913) 888-8900

TWX: 910 743-0005

MARYLAND

1039

Hamilton/Avnet Electronics
6822 Oak Hall Ln.

Columbia, MD 21045

{301) 995-3550
TWX:710862-1861

1040

Zeus

8930A Rt. 108
Columbia, MD 20145
(301) 997-1118



1161

Marshall Industries
8445 Helgerman Ct.
Gaithersburg, MD 20877
(301) 840-9450

1075

Almo Electronics Corp.
8502 Dakota Dr.
Gaithersburg, MD 20877
(301) 670-0090

MASSACHUSETTS
1109
Almo Electronics
60 Shawmut Rd.
Canton, MA 02021-1410
(617) 821-1420

Zeus

420 Marrett Road
Lexington, MA 02173
(617) 863-8800

1115
Hamilton/Avnet
10-D Centennial Dr.
Peabody, MA 01960
(617) 531-7430

1084

Future Electronics
133 Flanders Rd.
Westboro, MA 01581
(617) 366-2400

1116

Marshall Industries
33 Upton Dr.
Wilmington, MA 01887
(617) 658-0810

MICHIGAN
1043
Advent Electronics
24713 Crestview Ct.
Farmington Hills, M1 48018
(313)477-1650

1077

Hamilton/Avnet Electronics
2215 29th St., SEE. A-5

Grand Rapids, Ml 49508
(616) 243-8805

TWX: 810 273-6921

1044

Hamilton/Avnet Electronics
32487 Schoolcraft Rd.
Livonia, Ml 48150

(313) 522-4700

TWX: 810 242-8775

1162

Marshall Industries
31067 Schoolcraft
Livonia, MI 48150
(313) 525-5850

1021

Reptron

34403 Glendale Rd.
Post Office Box 2768
Livonia, M1 48150
(313) 525-2700

MINNESOTA
1127
Voyager Electronics Corp.
7163 Commerce Circle West
Fridley, MN 55432
(612) 571-7766

1047

Hamilton/Avnet Electronics
10300 Bren Rd. E.
Minnetonka, MN 55343

(612) 932-0600

TWX: 910 576-2720

1163

Marshall Industries
3800 Annapolis Ln.
Plymouth, MN 55441
(612) 559-2211

MISSOURI
1048
Hamilton/Avnet Electronics
13743 Shoreline Ct.
Earth City, MO 63045
(314) 344-1200
TWX: 910 762-0684

NEW HAMPSHIRE
1049
H il /Avnet E

444 E. Industrial Park Dr.

Manchester, NH 03103

(603) 624-9400

NEW JERSEY
1156

Pan American Electronics Inc.

59 Main Street
Bloomingdale, NH 07403
(201) 839-0077

1020

Hamilton/Avnet Electronics
1 Keystone Ave,, Bldg. 36
Cherry Hill, NJ 08003

(609) 424-0110

TWX: 710 940-0262

1078

[} /Avnet El
10 Industrial Rd.
Fairfield, NJ 07006
(201) 575-3390
TWX: 710 734-4388

1164

Marshall Industries
101 Fairfield Rd.
Fairfield, NJ 07006
(201) 882-0320

1166
Marshall Industries
158 Gaither Dr.

Mt. Laurel, NJ 08054
(609) 234-9100

1126

General Components Inc.
245-D Clifton Ave.

West Berlin, NJ 08091
(609) 768-6767

NEW MEXICO
1022
Hami /Avnet El i

2524 Baylor Dr. S.E.

Albuquerque, NM 87106

(505) 765-1500

TWX: 910 989-0614

NEW YORK
1114
Semispecialists of America
105 Baylis Road
Melville, NY 11747
(516) 293-2710
FAX: (516) 293-2707

1025

Hamilton/Avnet Electronics
933 Motor Parkway
Hauppauge, LI, NY 11787
(516) 231-9800

TWX: 510 224-6166

1192

Marshall Industries

275 Oser Ave.
Hauppauge, LI, NY 11788
(516) 273-2424

1193

Marshall Industries
129 Brown St.

Johnson City, NY 13790
(607)798-1611

1024

Hamilton/Avnet Electronics
333 Metro Park

Rochester, NY 14623

(716) 475-9140

TWX: 510 253-5470

1022

Future Electronics
7453 Morgan
Liverpool, NY 13088
(315) 451-2371

1021

Zeus

100 Midland Avenue
Port Chester, NY 10573
(914) 937-7400
FAX:(914) 937-2553

1171

Marshall Industries
1280 Scottsville Rd.
Rochester, NY 14624
(716) 235-7620

1023

Hamilton/Avnet Electronics
103 Twin Oaks Dr.

Syracuse, NY 13206

(315) 437-2641

NORTH CAROLINA
1027
Hamilton/Avnet Electronics
3510 Spring Forest Rd.
Raleigh, NC 27604
(919) 878-0810
TWX: 510 928-1836

1170

Marshall Industries
5221 North Blvd.
Raleigh, NC 27604
(919) 878-9882

1173

Quality Components
2940-15 Trawick Rd.
Raleigh, NC 27604
(919) 876-7767

OHIO
1028
Hamilton/Avnet Electronics
4588 Emery Industrial Parkway
Cleveland, OH 44128
(216) 831-3500
TWX: 810 427-9452

1029

Hamilton/Avnet Electronics
954 Senate Dr.

P.O.Box 610

Dayton, OH 45459

(513) 439-6700

TWX: 810 450-2531

1184

Marshall Industries
6212 Executive Blvd.
Dayton, OH 45424
(513) 236-8088

1181

Marshall Industries
30700 Bainbridge Rd.
Unit A

Solon, OH 44139
(216) 248-1788

1133

Hamilton/Avnet Electronics
777 Brooksedge Blivd.
Westerville, OH 43081

(614) 882-7004

OKLAHOMA
1117
Hamilton/Avnet Electronics
12121 E. 51st Street
Suite. 102A
Tulsa, OK 74146
(918) 252-7297

A4

1113

Quality Components, Inc.
3158 So. 108th East Avenue
Suite 274

Tulsa, OK 74146

(918) 664-8812

OREGON

1150

Western Micro Technology Inc.
13770 SW. 24th

Beaverton, OR 97005

(503) 629-2082

1169

Marshall Industries
8333 S.W. Cirrus Drive
Beaverton, OR 97005
(503) 644-5050

1032

Hamilton/Avnet E| i
6024 SW. Jean Rd.

Bldg. C, Suite 10

Lake Oswego, OR 97034
(503) 635-8157

TWX:910 455-8179

PENNSYLVANIA

1034

Almo Electronics
9815 Roosevelt Blvd.
Philadelphia, PA 19114
(215) 698-4000

1037

Hamilton/Avnet

2800 Liberty Ave,, Bldg. E
Pittsburgh, PA 16222
(412) 281-4150

1168

Marshall Industries
701 Alpha Drive
Suite 240

Pittsburgh, PA 15238
(412) 963-0441

TEXAS

1110

Quality Components, Inc.
4257 Kellway Circle
Addison, TX 75001

(214) 733-4300

TWX: 910 860-5459

1050

Hamilton/Avnet Electronics
1807-A W. Braker Lane
Austin, TX 78758

(512) 837-8911

TWX: 910 874-1319

1177

Marshall Industries
8504 Cross Park Dr.
Austin, TX 78754
(512) 837-1991

1112

Quality Components, Inc.
2120-M Baker Ln.

Austin, TX 78758

(512) 835-0220

TLX: 324930

1183

Marshall Industries
2045 Chenault
Carrollton, TX 75006
(214) 233-5200

1187

Marshall Industries
7250 Langtry
Houston, TX 77040
(713) 895-9200

10562

Hamilton/Avnet E| i
2111 W, Walnut Hill Ln.
Irving (Dallas), TX 75062
(214) 550-7755

TWX: 910 860-5929




1051

Zeus

1800 N. Glenville Dr.
Suite 120
Richardson, TX 75081
(214) 783-7010

1053

Hamilton/Avnet Electronic
4850 Wright Rd.
Stafford, TX 77477

(713) 240-7898

1111

Quality Components, Inc.
1005 Industrial Blvd.
Sugarland, TX 77478

(713) 240-2255

UTAH

1059

, i /Avnet

1585 West 2100 South
Salt Lake City, UT 84119
(801) 972-2800

TWX: 910 925-4017

1058

Marshall Industries
466 Lawndale Dr., Ste.C
Salt Lake City, UT 84115
(801)485-1551

WASHINGTON
1060
Hamilton/Avnet Electronics
14212 N.E. 21st St
Bellevue, WA 98007
(206) 643-3950
TWX: 910 443-2469

1175

Marshall Industries
14102 N.E. 21st Street
Bellevue, WA 98007
(206) 747-9100

1149

Western Micro Technology Inc.

14636 N.E. 95th Street
Redmond, WA 98052
(206) 881-6737

WISCONSIN
1061
Hamilton/Avnet Electronics
2975 Marrland Rd.
New Berlin, WI 563151
(414) 784-4510
TWX:910 262-1182

1062

Marshall Industries

235 N. Executive Dr., #305
Brookfield, WI 53005
(414) 797-8400

(800) 472-2420

CANADA

1091

Hamilton/Avnet Electronics
2816 21st St. N.E.

Calgary, Alberta

Canada T2E 6Z2

(403) 250-3586

TWX: 03-827642

1092

ITT Multicomponents
11680 170 St.
Edmonton, Alberta
Canada T5S 1J7

(403) 451-4001

1093

ITT Multicomponents
3455 Gardner Court
Burnaby, British Columbia
Vancouver, Canada V5G 4J7
(604) 291-8866

TLW: 04-356533

1072

Future Electronics, Inc.
1695 Boundary Rd.
Vancouver, British Columbia
Canada V5K 4X7

(604) 294-1166

TLX: 04-354744

FAX: (604) 294-1206

1073

ITT Multicomponents
760 Century St.
Winnipeg, Manitoba
Canada R3H OM1
(204) 786-8401

1074

ITT Multicomponents
15 Mount Royal Blvd.
P.O. Box 821

Moncton, New Brunswick
Canada E1C 8N6

(506) 857-8001

1075

ITT Multicomponents
#103-11 Morris Dr.
Burnside Industrial Park
Dartmouth, Nova Scotia
Canada B3B 1M2

(902) 465-2350

1076

ITT Multicomponents
300 N. Rivermede Rd.
Concord, Ontario
Canada L4K 2Z4
(416) 736-1144

TLX: 06-964814

FAX: (416) 736-4831

1081

Future Electronics Inc.

82 Saint Regis Crescent North
Downsview, Ontario

Canada M3J 1Z3

(416) 638-4771

TWX:610 491-1470

FAX: (416) 638-2936

1063

Hamilton/Avnet Electronics
6845 Rexwood Rd., Units 3-5
Mississauga, Ontario

Canada L4V 1R2

(416) 677-7432

1064

Hamilton/Avnet Electronics
190 Colonnade Rd.

Nepean, Ontario

Canada K2E 7J5

(613) 226-1700

TWX: 053-4971

1070

Future Electronics Inc.
Baxter Center

1050 Baxter Rd.
Ottawa, Ontario

Canada K2C 3P2

(613) 820-8313

TWX: 610 563-1697
FAX: (613) 820-3271

1080

Future Electronics Inc.
237 Hymus Blvd.

Pointe Claire, Quebec
Canada H9R 5C7

(514) 694-7710

FAX: (514) 695-3707
TLX: 05-823554

1065

Hamilton/Avnet Electronics
2795 Halpern

St. Laurent

Montreal, Quebec

Canada H4S 1P8

(514) 335-1000

1067

ITT Multicomponents
2295 Halpern St.

Ville St. Laurent, Quebec
Canada H4S 1S3

(514) 335-7697
TLX:05-824138

FAX: (514) 335-9330

1068

ITT Multicomponents
3521 8th Street E., #2089
Saskatoon, Saskatchewan
Canada S7H ON5

(306) 933-2888



ROCKWELL SEMICONDUCTOR PRODUCTS SALES OFFICES - INTERNATIONAL

You can obtain expert applications assistance, price quotations and delivery data from the Distributors and Sales Representatives listed below for Rockwell
semiconductor and telecommunication products. If there is no Rockwell distributor convenient to your country, please consider Hamilton/Avnet

International listed below.

AFRICA
South Continental Devices
(Pty) Ltd.
P.O. Box 56420
Pinegowkig 2123, South Africa

AUSTRIA
0226
W. Moor GESMBH
Storchengasse 1/1/1
A-1150 Wien
Austria
43 (222) 858-646
TLX:047-135701 moor a
FAX: (43-222) 615 537 151

BELGIUM
0272
Microtron
Generaal Dewittelaan 7,
2800 Mechelen
Belgium
TLX: 846-22606 mitron b

BRAZIL

Round Valley Services

R. Vitorino Carmilo, 672

CEP 01153-Barrafunda SP
(011) 825-3111

TLX:(011) 53612

Phone U.S.A.: (801) 224-5773

DENMARK
0244
Micronor APS
Torvet 1
8600 Silkeborg
Denmark
(45-6) 816522
TLX: 63245 MICRONOR DK

FINLAND
0252
Satt Electronics
oy Hitsaajakatu 8,
P.O. Box 68
00811, Helsinki
Finland
(358) 0-7555133
TLX: 124870 ELDYN SF

FRANCE
0222
System Contact
88, Avenue du General de Gaulle
67200 Eckbolsheim
France
Phone: (33-88) 782089
(33) 88782089
TLX: 890266 SYSCO

0259

ERN

237 rue de Fourny
78530 BUC France
(33-1) 3956-0011

TLX: 698627 ERN BUC

HOLLAND
2087
Alcom Electronics BV
Esse Baan 1
Postbus 358, 2908 AJ
Capelle A/D ljssel
Holland
(31-10) 4519-533
TLX: 26 160

INDIA
4066

Semiconductor Complex Limited

Phase Viil, S.A.S. NAGAR-160059
Punjab, India X

87265, 87809, 87985

TLX: 395270 LS|

ISRAEL
0255
Bynet Data Communications
8-Hanechoshet St.
Ramat-Hachayal
Tel-Aviv 69710, Israel
TLX: 342132
FAX:(972) 3-475933

ITALY
0260
Murata Elettronica
Via Melchiorre Gioia, 66
T-20125 Milano, Italy
(39-2) 607-3786
(39-2) 688-4833
TWX: 330385

NORWAY
0271
Satt Electronics
O.H. Bangs Vei 17
Postboks 70
1322 Hovik, Norway
(47-02) 123 600
TLX: 72559 SATT N

SPAIN
0239
Comelta SA.
Emilio Munoz 41
ESC 1, Planta 1, Nave 1-1-2
Madrid 17, Spain
{34-1) 754-3001
TLX: 42007 CETAE
FAX: (341) 754-2151

SWEDEN
Betoma Component AB
Box 3005
Dalvaegen 12
17128 Solna, Sweden
(46-8) 734-8300
TLX: 8126331 BETOMA S

SWITZERLAND
Q0227
Aumann & Co. AG
Foerrlibuckstr. 150
CH-8037 Zurich
Switzerland
(41-1) 443-300
TLX: 822 966

UNITED KINGDOM
0258
R.C.S. Microsystems Ltd.
The Kings Arms
141 Uxbridge Rd.
Hampton Hill, Middlesex
RW12 1BL, England
(01) 979-2204
TLX: 8951470 RCS MIC

0280

Abacus Electronics PLC
Abacus House

Bone Lane, Newbury
Berkshire, RG14 5SF, England
(0635) 30680

TLX: 849343

A-6

WEST GERMANY
0250
Bitronic GmBH
Dingolfingerstr. 6
D-8000 Muenchen 80, Germany
(49-89) 41 8007-0
TLX: 5212931 bitd

0245

Unitronic GmBH
Munsterstr. 338

P.O. Box 330 429
4000 Dusseldorf 30
W. Germany
(49-211) 626364-67
TLX: 8586434 unid d

0237

Astronic GmBH
Winzererstr. 47d.

8000 Munchen 40
Munich, West Germany
(49-89) 309031

TLX: 5216187 a strd

AUSTRALIA/NEW ZEALAND
4054
VSl Electronics
(Australia) Pty. Ltd.
16 Dickson Avenue
Artarmon, NSW 2064 Australia
FAX: (02) 439-6435
TLX: AA-22846

VSI Electronics Pty. Ltd.
P.O.Box 578

Crows Nest, NSW 2065
Artarmon, Australia

(02) 439-4655

FAX: (02) 439-4655

TLX: AA-22846

HONG KONG
2086
Tekcomp Electronics Ltd.
1702 Bank Centre
636 Nathan Rd.
Kowloon, Hong Kong
(852-3) 880629
TLX: 38513 TEKHL
FAX: (852) 123-40746

JAPAN
0268
KS Semiconductor, Inc.
3-6-31-1F Osaki Shinasgawaku
T141 Tokyo, Japan
(81-3) 490-0762
TLX: 2466528 AlS-J
FAX: (81-3) 495-5565

0269

Kanematsu Semiconductor Corp.

6-1 Shintomi 1 chome
Chuo-Ku, Tokyo 104, Japan
(81-3) 551-7791

TLX: 252 3798 KSCJ

0203
Kyokuto Boeki Kaisha, Ltd.
7th Floor, New Otemachi Bldg.

1-1, 2-chome, Otemachi, Chiyoda-ku

Tokyo, Japan

(81-3) 244-3803

TLX: J22440

FAX: (81-3) 246-1846

0204

Kyokuto Boeki Kaisha, Ltd.
Rm. 606

Mainichi Osaka Kaikan Kitakan
6-16 Dojima 1-chome, Kita-ku
Osaka, Japan

(06) 344-1121

TLX: c/o KBK’s Tokyo Office

0266

Marubeni-Hytech Co. Ltd.
1-1, Higashi Ikebukuro

3 Chome, Toshimaku
Tokyo, Japan

(81-3) 989-7813

TLX: NTT 2722648 HYTEC J

0206

Matsushita Electric Trading Co.
P.O.Box 18

Trade Center, 32nd Floor

World Trade Center Bldg.

4-1 Hamamatsu-cho 2-chome
Minato-ku

Tokyo 105, Japan

(81-3) 435-4552

TLX: 522-8771 METOSK J

0207

Matsushita Electric Trading Co.
Twin 21 National Tower, 32nd. Flir.
1-61, Shiromi 2-chome
Higashi-ku

Osaka 541, Japan

(06) 946-4841

TLX: 522-8771 METOSKJ

KOREA
0242
Unistandard Corp.
757-1 Bang Bae-Dong
Kang-Nam Ku
Seoul, Korea
TLX: K22116 “UNIST”
(82-2) 532-6815

SINGAPORE
0262
Dynamar International Ltd.
12, Lorong Bakar Batu
Kolam Ayer, Suite 05-11
Singapore RE 1334
7476 188
TLX: 26283

TAIWAN

0213

Sertek International Inc.

3-9, 11-12 Fir.

135-137 Sec. 2 Chien Kuo N. Road
Taipei, 10479 Taiwan, ROC

(86-2) 501-0055

TLX: 13579

FAX: 025012521

THAILAND
0263
Loxley (Bangkok) Ltd.
GPO Box 214 #304
Suapah Road
Bangkok, 10501
Thailand
221-6121-30
221-9156-60
223-9066-8
TLX: LOXLEY TH81188

OTHER COUNTRIES

1006

Hamilton/Avnet Electronics
International Group

10950 Washington Bivd.
Culver City, CA 90230

(213) 558-2441
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