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CRS 
Bits 0-3 determine the starting address of the character cell 
space. (Note that these bits form bits A 13 through A 10 of 
the actual address.) Bit 4-7 (along with Bit 7 of CR2) deter­
mine the starting address of the Video Matrix (these bits 
form bits A 13 through A9 of the actual address). 

CR6 
Contains the latched horizontal position of the light 
gun/pen. 

CR7 
Contains the latched vertical position of the light gun/pen. 

CR8 
Contains the digitized value of POTX. 

CR9 
Contains the digitized value of POTY. 

CRA 
Bits 0-6 set the frequency of the first audio oscillator. Bit 7 
turns the oscillator on (= 1) or off (= 0). 

CRB 
Same as CRA for second audio oscillator. 

CRC 
Same as CRA for third audio oscillator. 

CRD 
Same as CRA but sets frequency of noise source. 

CRE 
Bits 0-3 set the volume of the composite audio signal (Note 
that at least one sound generator must be turned on for 
any sound to be produced). Bits 4-7 contain the Auxiliary 
color code used in conjunction with the -Multi color" mode 
of operation. 

CRF 
Bits 4-7 select one of 16 colors for the background com­
mon to all characters. (Essentially, they set the color of the 
background area within the Video Matrix.) Bits 0-2 select 1 
of 8 colors for the exterior border area of the screen (all 
area outside the Video Matrix). Bit 3 determines whether 
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the Video Matrix will be displayed as different colored 
characters on a common background color (R = 1) or 
inverted (R = 0), that is, all characters will be the same 
color (the background color in CRF) while each character's 
background will now be a different color, determined by 
the code in the Color RAM. Note that the R bit has no 
effect when Multicolor mode is selected and the CRF also 
functions differently in this mode. Refer to the section 
called -Operating Modes" for complete information. 

COLOR OPERATING MODES 
VIC incorporates two modes of color operation - HI-RES 
(high resolution) mode and Multicolor mode. Basically, the 
operating mode affects how the Character Cell informa­
tion will be translated into dots on the T.v. screen. The 
operating mode is determined by the MSB of the color 
pointer associated with each character location in the 
Video Matrix. If the MSB of a character's color pointer is 
zero, that character will be displayed in HI-RES mode. 
Alternately, if the MSB is one, the character will be dis­
played in the Multicolor mode. 

With HI-RES mode selected, there is a one-to-one corre­
spondence between Character Cell bits and the dots dis­
played on-screen. That is, all one bits of a character will be 
displayed in one color, and all zero bits in another color. 
The foreground color of the character is specified by the 
remaining 3 bits of the character's color pointer, while the 
character's background color is specified by Control 
Register F. 

With Multicolor mode selected, each two bits of a charac­
ter cell correspond to one dot on-screen and the color of 
that dot is determined by the two-bit code. Unlike HI-RES 
mode, in which only two colors can be displayed in a single 
character, Multicolor mode allows four colors per charac­
ter; however, since two bits of cell data now correspond 
to a single dot on-screen, the horizontal resolution is half 
that of the HI-RES mode. That is, each 8x8 Character Cell in 
memory maps onto an 8x4 character on-screen (8 lines of 
4 dots each). Note that the amount of memory required 
for these 8x4 Multicolor characters is the same as that for 
8x8 HI-RES characters; the data is simply mapped differ­
ently on-screen. 
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In Multicolor mode, the two bits which make up a dot 
select one of four colors for that dot. The four codes 
created by these two bits tell VIC where to find the color 
information for the dot. The color of the dot can be either 
the Background color (in CRF), the Exterior Border color in 
(CRF), the Auxiliary color (in CRE) or the Foreground color 
(bits 0 thru 2 of the character's color pointer). 

The Multicolor mode color select codes are: 

00 - Background color (CRF) 

01- Exterior Border color (CRF) 

10-Foreground color (Color RAM) 
11 - Auxiliary color (CRE) 

Note that the two-bit code is not itself a color code; rather 
it is a pointer to four different color codes, allowing 
greater color flexibility, as each code pointed to has either 
3 or 4-bit resolution. 

Example: 

Given: 

CRE = 6X 

Character Background color is WHITE (1), 
Exterior Border color is YELLOW (7), 
Invert is not selected (R = 1). 

Auxiliary color is BLUE (6). 

and a character definition of: 

bit 
76543210 HEX 

byte 000011011 1B 
100011011 1B 
200011011 1B 
300011011 1B 
400011011 1B 
500011011 1B 
600011011 1B 
700011011 1B 
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If the color pointer nybble for that character is 0 (0000), 
then the Foreground color is BLACK (0) and HI-RES modes 
is selected (MSB = 0). The character will then appear on­
screen as: 

ONE BITS APPEAR IN FOREGROUND COLOR (BLACK) 

• ZERO BITS APPEAR IN 8ACI(G~OUND COLOR (WHITE) 

If the color pointed nybble for that character is 8 (1000), 
then the Foreground color is BLACK (0) and the Multicolor 
mode is selected (MSB = 1). The character will then appear 
on-screen as: 

,-----., rl-------------, 
THE 2-81T ~A 

CODE IS 00 1~!.7 
~·~CDKOGTR~~NO ~:.; 
COLOR (WHITE I ~~ 

::, 
THE 2- BIT ..... ~ 

CODE IS 10 ·t~ 

~~:~~R~~NO yy 

THE 2-81T CODE IS 01 

0"0 DOT IS BORDER COLOR (YELLOW) 

THE 2- BIT CODE IS II 

:. DOT IS AUXILIARY COLOR (BLUE) 
COLOR (BLACK) 

L..I ________ -', I~ ________ _' 

(Note that this is given solely as an example and due to 
color transition limitations of most TV sets, closely spaced 
dots of different colors will not appear sharply defined on­
screen.) 

Since the mode of display for a character is selected by the 
character's color pointer and each character location on­
screen has a unique color pointer, it is possible to freely 
intermix HI-RES and Multicolor characters. This provides 
great display flexibility, allowing HI-RES characters for al­
phanumerics, etc. and Multicolor characters for a wider 
array of colors available simultaneously. 
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EXAMPLE OF VIC CONTROL REGISTER USE: 
For simplicity, assume all characters are in the HI-RES mode and the VIC Registers are loaded with the following values: 

Reg Contents (HEX) Binary Results 

CRO 03 01000 0011 Moves Video Matrix over 3(x4) dot widths from the 
left side of the screen. Interlace is not selected 
(I = 0). 

CR1 19 00011001 Moves Video Matrix down HEX 19 (x2) dot heights 
from top of screen. 

CR2 96 110010110 Sets HEX 16 (=22 base 10) columns in Video Matrix. 
(Bit 7 is used with CRs.) 

CR3 2E XI010 11110 Sets 010111 (= 23 base 10) rows in Video Matrix. 8 x 
8 character matrices are selected (0 = 0). 

CR5 Should be set to access the proper memory locations of the specific system. Suppose it is desired to locate the 
Video Matrix starting at address HEX 0200, and the character matrices starting at address HEX 3400. In order to 
accomplish this~ CRs is set: 

CR5 00 0000 1101 and bit 7 of CR2 is set to 1. 

This would create a 14-bit address 
of the form: 

CRsBITS CR2 BIT 

~7--.-J 
00 001X XXXX XXXX 
0 2 0 0 

for the Video Matrix. 
It would also create a 14-bit 
address of the form: 

CRs BITS 

'32 110' 
11 01XX XXXX XXXX 
3 4 0 0 

for the character matrices. 

CRA 00 010000000 Oscillator 1 is OFF. 

CRB 9A 1/0011010 Oscillator 2 is ON, with a relative frequency of 1A. 

CRC 00 010000000 Oscillator 3 is OFF. 

CRO AS 110100101 Noise generator is ON with a relative frequency of 
25. 

CRE XF XXXX 1111 Sound effects are set for loudest volume. 

CRF DE 0000/11110 The background color common to all characters is 
black (0), the border color is dark blue (6) and each 
character is displayed in its own color on the black 
background (R = 1). 
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These register values will produce a screen with a properly 
centered Video Matrix of 23x22 characters, each charac­
ter appearing in color on a black background, with a dark 
blue border surrounding the Video Matrix area. Addition­
ally, the sound effects generator will be producing a 
pitched oscillation, along with white noise. 

All of these registers can be modified to produce different 
effects. 

For example: 

If the number in CRO is increased, the Video Matrix 
region will shift farther to the right. If the number in CRB 
is reduced (leaving bit 7 a one) the frequency of oscilla­
tor 2 will go down. 

If CRF is changed to 06 (turning R OFF), the border will 
remain dark blue, but now the Video Matrix will appear as 
black characters on different colored backgrounds. 

For VIC to produce a picture on-screen, the number of 
rows and columns and appropriate centering values must 
be loaded into the proper registers. 

MINIMUM SYSTEM DESCRIPTION 
A minimum VIC System would consist of a 
microprocessor, VIC, ROM, RAM and I/O. The basic sys­
tem includes one /.LP (6512), one Video Interface Chip 
(VIC/6560), one PIA (6520), two 1K x 4 static RAMS, two 
256 x 4 static RAMS, and one or more program/graphics 
ROMS (2K x 8 or 4K x 8). See Figure 3. 

VIC MINIMUM SYSTEM 

·NOTE 

g ..,.,-rT"I-r ...... 
"',..uUoJUoJU-,I'-t 

c 
'U 

> o 
o 

~--::o 

I--I ....... ___ ~ 

VI 

'---y----J 
KEYBOARD 110 

2Kx B 

uP/VIC 
ACCESS 

AI3 

ROM 1 or ROM 2 is optional. since either can be cartridge loaded. ROM 1 is 
accessed by the processor only. ROM 2 can be accessed by the processor or 
VIC. Figure 3 
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The tasks involved in a complete game are divided 
between the ~P and VIC. The ~P controls the game logic 
and VIC controls the video display as well as the sound 
generation. 

6512 Microprocessor 
The 6512 is a member of the 6500 microprocessor family, 
which has gained wide acceptance in the video game 
industry. The 6512 architecture and addressing capability 
are well suited to graphic data manipulation. Alternately, a 
6502 processor can be used by feeding VIC P02 OUT into 
the 6502 00 IN; however, tri-state buffers must then be 
added to the data bus as well as the address bus. 

6560 Video Interface Chip 
The 6560 is a video display device which reads data that 
has been formatted by the ~P and supplies the appropriate 
color graphic signals to the RF modulator. To accomplish 
this, the 6560 does a transparent DMA of the ~P' s memory 
space, accessing ROM and/or RAM. 

6520 Peripheral Interface Adapter 
This chip is used for keyboard scanning and joystick multi­
plexing. 

Resident RAM = 2 (2114) and (2111) 
These RAM chips are used as working storage by the ~P 

and for holding the screen organization and color ma­
trices. They may be modified by the ~P at any time. Note 
that to achieve a full bit-map display, a minimum of 4K 
bytes of character RAM are necessary. 

Program/Graphics ROM(s) 
These chips normally contain the game logic and/or coded 
graphic data. There is no need for a resident ROM in a 
minimum system. A cartridge ROM can contain all the 
relevant information. 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin* 
Power Dissipation 

NOTE 
·With respect to Ground 

COMMENT 

-10° to 80°C 
-65°C to 150°C 

-0.5V to +7V 
1.0W 

Stresses above those listed under "Absolute Maximum Rat­
ings'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 
operational sections of this specification is not implied. 

DC CHARACTERISTICS T A = O°C to +50°C, VDD = 5V ± 5% (unless otherwise specified) 

Parameter Min Max Typ Units 

ReadIWrite, Reset (Option) 
Address and Data-Input State 
VIL -0.2 0.4 Volts 
V1H 2.4 5.6 Volts 
Input Capacitance 8.0 5.0 pF 
Input Leakage (all outputs in high impedance state) 10.0 1.0 ~A 

Address and Data-Output State 
VOL 0.4 Volts 
VOH 2.4 Volts 
IOL - Sink current VOL = 0.4 2.4 rnA 
IOH - Source current V OH = 2.4 200 ~A 
Impedance in Three State Condition 1 x 1()6 Ohms 

Clock Input (q,1 and q,2 Input) 
Frequency 14.31818 MHz 
Capacitance 10.0 pF 
V1L -0.2 0.3 Volts 
V1H 4.5 5.0 Volts 

Oock Outputs (Pq,1' Pq,z) 
VOL O.3V Volts 
h @ 0.3 Volts VOL 1.6 rnA 
VOH VDD-·2 Volts 
IOH @ 4.7 Volts VOH 200 ~A 
Loading 120.0 pF 
Frequency 1.02 MHz 

2-81 



6560/6561 

DC CHARACfERISTICS TA = O°C to +50°C, Voo = 5V ± 5% (unless otherwise specified) 

Parameter Min Max Typ Units 

Composite Sound 
Output Impedance 2000 1000 n 
Max. Current (Sink or Source) 500 /loA 
Output Offset Voltage 2.2 2.8 2.5 Volts 
VOH (Max. Amplitude) 3.2 3.5 Volts 
VodMax. Amplitude) 1.8 1.5 Volts 
VOH (Min. Amplitude) 2.55 2.6 Volts 
VodMin. Amplitude) 2.45 2.4 Volts 

Pot Inputs 
VTRlcGER (Rising Edge) 2.2 2.8 2.5 Volts 

Pot Reset 
VOL 0.2 Volts 
IOL @ VOl = 0.2 500 /loA 

Ught Pen Input (Option) 
VTRIGGER (Falling Edge) 2.8 2.2 2.5 Volts 

cf>M(Option) 
VOL 0.4 Volts 
IOL @ 0.3 Volts VOL 1.6 mA 
VOH Voo -.7 Volts 
IOH @ 4.7 Volts VOH 100 p.A 
Loading 60 pF 
Frequency 2.04 MHz 

Bus Available (Option) 
VOL 0.3 Volts 
IOL 1.6 mA 
VOH 2.4 Volts 
IOH 100 /loA 
Voo 4.75 5.25 5.00 Volts 
100 150 120 mA 

VIC INPUT CLOCKS 

TCYCI 

.1 IN 

TPWLI 
1)2 IN 

14.31818 MHz CLOCK IN PUT 
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VIC OUTPUT CLOCKS 

;:-{r- !'~;, i1----J/ 
I~ TOl2 TOH2 j T 

\ ____ 4.OV 

____ O .. 4V 

TCYC3 

O.4V 

...l l"" ~I'- .... -----
pel \ L \ 

-r- -'r-----

4 .. SV 

TF 
TOL! R~ TOH3 

=1' _TCO _F--4.!1V _ _ ____ ~ ---_O.4V 
T OL3 _ 

MICROPROCESSOR READIWRITE TIMING TO VIC 

P'2 

UPROCESSOR 

AOORESS 

II PROCESSOR 
AOORESS 

DATA FROM UPROCESSOR 

DATA 

FROM viC 

P.I 

VIC 

ADDRESS 

DATA 

FROM 
MEMORY 

I 

~ 

VIC READ TIMING FROM MEMORY 

.--------, , \ 

CHARACTER ACCESS 
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VIC SYSTEM TIMING 

Symbol Characteristic 

VIC Input Clock Timing 
TCYC1 Input Clock Cycle Time 
TpwH1 Clock High 
TpWL1 Clock Low 
TR, TF Rise and Fall Time 

VIC Output Clock Timing 
TCYC2 Two MHz Clock Cycle Time 
TOL2 <PM Clock Output Low 
TOH2 <PMClock Output High 
TCYC3 1MHz ~Processor Clocks Cycle Time 
Tou P<P1, P<P2 Clocks Low 
TOH3 P<P1' P<P2 Clocks High 
Teo Delay Time Between Clocks At .4v 
TR Rise Time, Max. CL 
TF Fall Time, Max. CL 

Microprocessor ReadlWrite Timing to VIC 
TAs Address Set Up Time 
TAH Address Hold Time 
TRs Read Set Up Time 
Tws Write Set Up Time 
Tos Data Set Up Time 
TAcc Data Access Time 
TOH Data Hold Time 

~IC Read Timing From Memory 
TVA Time To Valid Address From P<P1 
TAH Address Hold Time 
Tosu Data Set Up Time 
DH Data Hold Time 

Composite Sync, Color And Luminance Timing 
BLANKING Blanking Period (No Video) 
Bs Breeze Way 
BURST Color Burst Reference Signal 

Composite SYNC Output Timing 
Hs Horizontal Sync Pulse 
HL Horizontal Line Period 
HLI2 One Half Horizontal Line Period 
E Equalization Pulse 
EL Equalization Time Period 
Vs Vertical Sync Period 
Vs to Vs Vertical Sync to Vertical Sync Time Period 

Noles 
1. The color burst signal is the 3.579545 MHz color phase reference from 

which all other color information is measured. 
For Example: Full intensity blue is a 3.579545 MHz signal which has a 

relative delay of 135ns from burst if the burst signal was 
available throughout the entire HL period. 

2. The number of HL periods between Vs periods is 262.5 in the interlace 
mode. 

3. The number of HL periods between Vs periods in the non-interlace mode is 
262 per frame. 

4. NTSC only. 
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Min Typ Max Units 

69.82 69.84 ns 
20 ns 
20 ns 

10 ns 

480 500 ns 
200 260 ns 
180 250 ns 
960 990 ns 
380 500 ns 
380 500 ns 

5 20 ns 
80 ns 
40 ns 

375 ns 
5 ns 

375 ns 
275 ns 
200 ns 
350 ns 
30 ns 

ns 
10 ns 
60 ns 
20 ns 

10.0 11.0 12.0 ~s 

.3 .5 .7 ~s 

4.0 5.0 6.0 ~s 

4.0 5.0 6.0 ~s 

63.0 63.5 64.0 ~s 

30.0 31.5 32.5 ~s 

2.0 2.5 3.0 ~s 

188.0 190.5 192.0 ~s 

188.0 190.5 192.0 ~s 

16.66 ms 
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Composite SYNC, Color and Luminance 

FULL 
INTENSITY 

COLOR 

BLACK 

Composite SYNC Output 

FRAME TWO 
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commodore semiconductor group 

NMOS 

6562/6563 
Video Interface Chip (VIC) 

• Fully Programmable System With 16K Byte Address 
Space 

e Mask-programmable Sync Generation (NTSC-6562 or 
PAL-6563) 

• On-Chip Color Generation 
• Up to 1000 Independently Programmable and Movable 

Background Locations 

DESCRIPTION 

• Screen Grid Size Up to 320 x 200 
• Two Selectable Graphic Character Sizes 
• On-Chip Sound System 
• On-Chip DMA and Address Generation 
• 16 Addressable Control Registers 
• Light Gun/Pen for Target Games 

The MCS656216563 is functionally nearly identical to the MCS6560/6561 described in this section of the Data Catalog. 
Like the 6560/6561, the 656216563 is designed to be used in implementing color video graphics applications such as low­
cost CRT terminals, biomedical monitors, control system displays and arcadelhome video games. It provides all circuitry 
necessary for generating color programmable character graphics with high-screen resolution. VIC also incorporates 
sound effects and AID converters for use in a video game environment. 

Principal differences between the 6562/6563 and the 6560/6561 lie in the size of screen display attainable. The 
6562/6563 is capable of up to 1000 independently programmable and movable background locations on a standard TV 
and the screen grid may be up to 320 horizontal dots by 200 vertical dots. In addition, the 656216563 sound synthesizer 
produces three waveforms and features three amplitude modulators, along with programmable frequency and 
programmable noise generator. 

In virtually all other respects, the 6562/6563 is identical to the 6560/6561 and the interested reader is referred to that 
data sheet in the Data Catalog for further discussion. 

PIN CONFIGURATION 

MCS6562 

N,C. 

COMP COLOR 

COMP SN 0 

Vss 

Note 
MCS = Ceramic package 
MPS = Plastic package 

VDD 

131 IN 

92 IN 

OPTION 

P02 

PO, 

AI3 

A'2 

All 

A,o 

A. 

Ae 

A7 

A. 

A. 

A. 

A3 

A2 

AO 

BLOCK DIAGRAM 

J 
.r 

<f 

COM" co .... SYNC COM" 
SOUND • LUIIIIN COLOR 
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THEORY OF OPERATION 
In order to produce programmable color characters, VIC 
access external memory which can be divided into three 
areas: character pointers, display characters and color 
pointers. The character pointer area is a block of bytes in 
RAM (typically 920 bytes called the Video Matrix) in which 
each byte points to a particular character to be displayed. 
The character area consists of a set of 8 or 32 byte blocks 
(usually called cells) which contain the actual dot patterns 
to be displayed. These character cells can be located in 
either RAM or ROM depending on how the objects are to 
be displayed or moved on the screen. The color pointer 
area is a block of nybbles in RAM (typically 920-4 bit 
nybbles called the Color Matrix). The 4 bit color pointers 
are used to define the color of any character which is to be 
displayed and to select one of the two color modes. 

It is the task of an external microprocessor to organize the 
Video Matrix, Color Matrix and Character Cells into the 
proper format to display the data desired on-screen. 

To understand the operation of VIC more completely, 
consider the diagram shown in Figure 1. This is a typical 
Video Matrix, in which 40 characters horizontally by 23 
characters vertically are to be displayed, yielding a total of 
920 character display locations, with a screen resolution of 

320 horizontal by 184 vertical dots. Each one of these 
character display locations has a corresponding character 
pointer, or index, which specifies (points at) a character to 
be displayed in that particular location. In the example 
shown, rectangle (B,27) has a character index of 2B. This 
means character number 2B is to be displayed in that 
rectangle. VIC will fetch the character index value 2B and 
perform an address computation to locate the desired 
character to be displayed. The computation is quite sim­
ple. If 8 x 8 character cells are selected, the index is left 
shifted 3 times (multiply by 8) and the starting address of 
the character cells, found in VIC Control Register CRs, is 
added to the left shifted value. In this case, the character 
cell starting address is 3000 (in HEX) which is added to the 
left shifted value of the character index to yield the actual 
character location in memory of 3158 (in HEX). Note here 
that the actual character displayed is an eight dot by eight 
dot matrix which can be stored in either ROM or RAM. 
Also, the number of times that any particular character can 
be displayed is unlimited. By using the same character 
index (2B for example) elsewhere on the grid, the charac­
ter data will be displayed again. Alternately, through the 
use of a simple software driver, VIC can be used as a bit­
mapped display system provided enough RAM is available 
(approximately 8K bytes of cell RAM). 

TYPICAL VIDEO MATRIX 
(23 x 40) 

o I 2 :3 4 ~ 6 7 8 9 ABC 0 E F 10 II 121314 15 16 17 18191418 Ie 10 IE IF 2021222324252627 rn NO. OF COLUMNS 10 o 
I 

2 

4 
5· 

6 
1" 

A 
B 

10 
" 12 

" 14 

15 
16 

N [Ul],o 
NO. OF ROWS 

B 

FIGURE 1 
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111010101 ORIGIN 

7 6 

CRO 1000 I 56 x 

CRI 1001 S~ S~ 

CR2 1002 R M6 

CR3 1003 Ro Ns 

CR4 1004 Ra R7 

CR5 1005 B~3 B~2 

CR6 1006 L~ L H6 

CR7 1007 LJ LJ 

CRa looa p 7 x p6 X 

CRg 100g P 7 
Y 

p6 
Y 

CRA 100A A 3 2 A 2 2 

CRa looa F,7 F,6 

CRC 100C F27 F 6 2 

CRD 100D F 7 3 F 6 3 

CRE 100E CA3 CA2 

CRF 100F CS3 CS2 

Note 
'These bits ignored when D = 1 
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VIC CONTROL REGISTERS 

4 3 2 

S~ 5; 53 x 5; 

5; S~ s$ 5$ 

Ms M4 M3 M2 

N4 N3 N2 N, 

R6 Rs R4 R3 

B~' B 'O B~3 * B~2 V 

L; L~ LJ LH2 

L~ L'; L/ LJ 

Px5 p4 x p3 x pl 

p5 
Y 

p4 
y P 3 y P 2 y 

A' 2 A ° 2 A 3 I A 2 I 

F,5 F4 
I 

F,3 F,2 

F25 F4 2 F 3 2 F22 

F 5 3 F 4 3 F3 3 F 2 3 

CA' CAO A~ Al 

CS' C ° S CE3 C 2 
E 
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5' x 

s~ 

M, 

No 

R2 

*' B~' 

L~ 

LJ 

pX' 

pi 
y 

A' I 

F,' 

F2' 

F' 3 

A3' 

CE' 

o 

S° x 

s$ 

Mo 

D 

R, 

N 

LHo 

LS 

pO x 

pO 
y 

AO I 

F,O 

FO 2 

FO 3 

A30 

C ° E 

(bit number) 

SCREEN ORIGIN 
X-COORDINATE 

SCREEN ORIGIN 
Y - COORDINATE 

NO. OF VIDEO 
MATRIX COLUMNS 

NO. OF VIDEO 
MATRIX ROWS 

RASTER VALUE 

BASE ADDRESS 
CONTROL 

LIGHT PEN 
HORIZONTAL 

LIGHT PEN 
VERTICAL 

POT X 

POT Y 

AMPLITUDE 1,2 

F IN(I ) (SAWTOOTH) 

F ,N(3) (SQUAREI 
NOISE) 

AMPLITUDE 3 

COLOR 
CONTROL 
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REGISTER DESCRIPTION 
There are sixteen eight-bit control registers within the 6562 
which enable the microprocessor to control all the operat­
ing modes of VIC. The control and their functions are 
tabulated and explained below. 

EXPLANATION OF CONTROL REGISTER FUNCTIONS 
CRa: Bits 0-6 determine how far from the left-hand side 

of the T.V. screen the first column of characters 
will appear. It is used to Horizontally center var­
ious sizes of video matrices on-screen. Bit 7 se­
lects interlaced scan mode (I = 1). 

CR1: Determines how far from the top of the T.V. 
screen the first row of characters will appear. It is 
similarly used to Vertically center various sizes of 
video matrices on-screen. 

CR2: Bits 0-6 set the number of columns in the Video 
Matrix. Bit 7 is the Color Invert bit, as explained 
under CRF. 

CR3: Bits 1-6 set the number of rows in the Video Ma­
trix. Bit 0 is used to select either 8 x 8 character 
matrices (D = 0) or 32 x 8 character matrices (D = 
1). * Bit 7 is part of the RASTER value found in CR4 . 

CR4: Contains the number of the line currently being 
scanned by the T.V. raster beam. 

CRs: Bits 1-3 determine the starting address of the char­
acter cell space. (Note that these bits from bits 
A 13 through A 11 of the actual address.) Bits 4-7 
determine the starting address of the Video Ma­
trix (these bits from bits An through A 10 of the 
actual address). Bit 0 allows sound oscillator 3 to 
produce either variable frequency noise (N = 1) 
or a variable frequency square wave (N = 0). 

CR6: Contains the latched horizontal position of the 
light gun/pen. 

CR7 : Contains the latched vertical position of the light 
gun/pen. 

CR8: Contains the digitized value of POTX. 

CR9: Contains the digitized value of POTY. 

CRA: Bits 0-3 set the amplitude of sound oscillator 1, bits 
4-7 set the amplitude of oscillator 2. 

CRB: Bits 0-7 set the frequency of oscillator 1, 
(sawtooth waveform). 

CRe: Same as CRB for sound oscillator 2 (pulse 
waveform). 

CRD : Same as CRB for sound oscillator 3 (noise/ 
squarewave). 

CRE: Bits 0-3 set the amplitude of oscillator 3. Bits 4-7 
contain the Auxiliary color code used in conjunc­
tion with the -Multicolor" mode of operation. 
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CR( Bits 4-7 select 1 of 16 colors for the background 
common to all characters. (Essentially, they set the 
color of the background area within the Video 
Matrix.) Bits 0-3 select 1 of 16 colors for the exteri­
or border area of the screen (all area outside the 
Video Matrix). The invert bit (R), found in CR2, 

determines whether the Video Matrix will be dis­
played as different colored characters on a com­
mon background color (R = 1) or inverted (R = 0), 
that is, all characters will be the same color (the 
background color in CRF) while each character's 
background will now be a different color, deter­
mined by the code in the Color RAM. Note that 
the R bit has no effect when Multicolor mode is 
selected and that CRF also functions differently in 
this mode. Refer to the section called -Operating 
Modes' for complete information. 

NOTE 
• The 32 x 8 character mode is designed primarily to allow bit-mapping the 
entire screen. 

COLOR OPERATING MODES 
VIC incorporates two modes of color operation. HI-RES 
(high resolution) mode and Multicolor mode. Basically, the 
operating mode affects how the Character Cell informa­
tion will be translated into dots on the TV screen. The 
operating mode is determined by the MSB of the color 
pointer associated with each character location in the Vid­
eo Matrix. If the MSB of a character's color pointer is zero, 
then that character will be displayed in HI-RES mode. Alter­
nately, if the MSB is one, the character will be displayed in 
Multicolor mode. 

With HI-RES mode selected, there is a one-to-one corre­
spondence between Character Cell bits and the dots dis­
played on-screen. That is, all one bits of a character will be 
displayed in one color, and all zero bits in another color. 
The foreground color of the character is specified by the 
remaining 3 bits of the character's color pointer, while the 
character's background color is specified by Register F 
(CRF)· 

With Multicolor mode selected, each TWO bits of a char­
acter cell correspond to ONE dot on-screen and the color 
of that dot is determined by the two-bit code. Unlike HI­
RES mode, in which only two colors can be displayed in a 
single character, Multicolor mode allows four colors per 
character; however, since two bits of cell data now corre­
spond to a single dot on-screen, the horizontal resolution is 
half that of the HI-RES mode. That is, each 8 x 8 Character 
Cell in memory maps onto an 8 x 4 character on-screen (8 
lines of 4 dots each). Note that the amount of memory 
required for these 8 x 4 Multicolor characters is the same 
as that for 8 x 8 HI-RES characters, the data is simply 
mapped differently on-screen. 
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In Multicolor mode, the two bits which make up a dot 
select one of four colors for that dot. The four codes 
created by these two bits tell VIC where to find the color 
information for the dot. The color of the dot can be either 
the Background color (in CRF), the Exterior Border color (in 
CRF), the Auxiliary color (in CRE) or the Foreground color 
(bits 0 thru 2 of the character's color pointer). 

The Multicolor mode color select codes are: 
OO-Background color (CRF) 

01- Exterior Border color (CRF) 

10 - Foreground color (Color RAM) 
11 - Auxiliary color (CRE) 

Note that the two-bit code is NOT itself a color code, 
rather it is a pointer to four different color codes, allowing 
greater color flexibility, as each code pointed to has either 
3 or 4-bit resolution. 

EXAMPLE: 
Given: 

CR,=8X 
CRE=6X 

Character Background color Is WHITE (1), 
Exterior Border color is YELLOW (7). 
Invert Is not selected (R = 1). 
Auxiliary color Is BLUE (6). 

and a character definition of: 
bit 

76543210 HEX 
byte 000011011 1B 

100011011 1B 
200011011 1B 
300011011 1B 
400011011 1B 
500011011 1B 
600011011 1B 
700011011 1B 

If the color pointer nybble for that character is 0 (0000), 
then the Foreground color is BLACK (0) and HI-RES mode is 
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selected (MSB = 0). The character will then appear on-
screen as: 

ONE alTS APPEAR iN FOREGROUND COLOR (BLACK) 

I 
L.y-J y 
ZERO BITS APPEAR IN BACKQROUND COLOR IWHITE) 

If the color pointer nybble for that character is 8 (1000), 
then the Foreground color is BLACK (0) and Multicolor 
mode is selected (MSB = 1). The character will then appear 
on-screen as: 

THE 2-81T ,..-',1' ~ CODE IS 00 j.-; 

~'~tKOGTR~~ND I:~ 
COLOR (WHITE) i.;.; 
THE 2- BIT ~ 

CODE IS 10 t}, 
:O:~:R~~ND yy 

THE 2_81T CODE IS 01 
.'. DOT IS BORDER COLOR (YELLOW) 

THE 2- BIT CODE IS II 

:. DOT IS AUXILIARY COLOR (BLUE) 
COLOR (BLACK) 

~I--------~I ~I ________ ~ 

NoI" 
This is given solely as an example and due to color transition limitations of most 
TV sets, closely spaced dots of different colors will not appear sharply defined 
on-screen. 

Since the mode of display for a character is selected by the 
character's color pointer and each character location on­
screen has a unique color pointer, it is possible to freely 
intermix HI-RES and Multicolor characters. This provides 
great display flexibility, allowing HI-RES characters for al­
phanumerics, etc. and Multicolor characters for a wider 
array of colors available simultaneously. 
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EXAMPLE OF VIC CONTROL REGISTER USE: 

For simplicity, assume all characters are in the HI-RES mode and the VIC Registers are loaded with the following values: 

Reg Contents (HEX) Binary Results 

CRa OB 0/000 1011 Moves Video Matrix over 11(x4) dot widths from 
the left side of the screen. Interlace is not selected 
(I = 0). 

CR1 32 00110010 Moves Video Matrix down HEX 32 dot heights from 
top of screen. 

CR2 A8 1/0101000 Sets HEX 28 (=40 base 10) columns in Video Matrix. 
Invert is not selected (R = 1). 

CR3 2E X/Ol0 111/0 Sets 010111 (=23 base 10) rows in Video Matrix. 
8 x 8 character matrices are selected (D = 0). 

CRs Should be set to access the proper memory locations of the specific system. Suppose it is desired to locate the 
Video Matrix starting at address HEX 0400, and the character matrices starting at address HEX 3ooo.-ln order to 
accomplish this, CRs is set: 

CRs 1D 0001110/1 Noise is selected (N = 1). 

This would create a 14-bit address 
of the form: 

CRs BITS 

~ 
76 54 
00 01XX XXXX XXXX 
0 4 0 0 

for the Video Matrix. 

It would also create a 14-bit 
address of the form: 

CRs BITS 

~ 
32 1 
11 OXXX XXXX XXXX 
3 0 0 0 

for the character matrices.' 

CRA OF 0000 1111 Oscillator 1 is at full volume. Oscillator 2 is Off. 

CRB lA 00011010 Oscillator 1 has a relative frequency of lA. 

CRe 00 00000000 Oscillator 2 has a relative frequency of O. 

CRD 25 00100101 Oscillator 3/Noise generator has a relative 
frequency of 25. 

CRE X3 XXXX 0011 Oscillator 3 has a relative volume of 3. 

CRF 06 0000 0110 The background color common to all characters is 
black (0), the border color is dark blue (6) and since 
R = 1, each character is displayed in its own color 
on the black background. 
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These register values will produce a screen with a properly 
centered Video Matrix of 23 x 40 characters, each charac­
ter appearing in color on a black background, with a dark 
blue border surrounding the Video Matrix area. Addition­
ally, the sound effects generator will be producing a 
pitched oscillation, along with white noise. 

All of these registers can be modified to produce different 
effects. 

For example: If the number in CRo is increased, the Video 
Matrix region will shift farther to the right. 
If the number in CRB is reduced, the frequency of oscillator 
1 will go down. 
If CR2 is changed to 28 (turning R OFF), the border will 
remain dark blue, but now the Video Matrix will appear as 
black characters on different colored backgrounds. 

In order for VIC to produce a picture on-screen, the num­
ber of rows and .columns and appropriate centering values 
must be loaded into the proper registers. 

6562 PIN SIGNAL DESCRIPTION 

Address Bus-Pins 21 thru 34 
The 14 bit address bus (Ao thru An) is bidirectional. During 
PcP2 = 1, the address pins are in the input mode. In this 
mode the microprocessor can access any of the sixteen 
VIC Control Registers. The high order pins of the Address 
Bus (As thru An) act as Chip Select pins in this input mode. 
A true chip select condition occurs when An = A11 = A10 

= A9 = As = 0 and An = 1, which equates to a VIC chip 
select address of 1000 in HEX. The lower order 4 bits of the 
address bus (Ao thru A3) are used as the control register 
select portion of the input address. 

During PcP1 = 1, the VIC address pins will be in the output 
mode if data (either Character Pointer or Character Cell) is 
to be fetched. In this mode, VIC will put out the address of 
the memory location to be fetched. The address form VIC 
will be valid 50 ns after the rising edge of PcP1 and remain 
valid until the rising edge of PcP2' 

ReadlWrite-Pin 4 
This signal is an input only on the 6562 and controls the 
flow of data between VIC and the microprocessor. When 
the R/W signal is low and the VIC chip select conditions 
have been satisfied, the microprocessor can write data 
into th~ selected VIC Control Register. If the R/W signal is 
high and the chip select conditions have been' met, the 
microprocessor can read data from the selected VIC Con­
trol Register. 

It is important to note that all VIC/microprocessor data 
transfers can only occur when PcP2 = 1. During PcP1, VIC 
will be fetching data from memory for display and the 
R/W signal must be held high to insure that VIC will not 
write into any memory location. 
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Data Bus-Pins 5 thru 16 
The 12 bit data bus of the 6562, DBo thru DB11, is divided 
into two sections. The lower order eight bits, DBo thru DB7, 
are used both to interface to the microprocessor and fetch 
data needed for display, while the higher order 4 bits are 
used exclusively for retrieving color and mode informa­
tion. The operation of the lower order eight bits (DBo thru 
DB7) can also be separated into two categories: 
microprocessor interface and video data interface. During 
PcP2 = 1, DB7 thru DBo are used exclusively for data trans­
mission between the microprocessor and VIC. DUring PcP1 
= 1, DB7 thru DBo are used for fetching display data. 

CLOCKS 
Master Oscillator Clock Inputs-cP1 and cP2' Pins 39 and 38. 
The 6562 requires a 14.31818 MHz (NTSC), TWO Phase 
Clock. The clock signals must be five (5) volts and non­
overlapping. The 6563 requires an 8.867236 MHz clock 
for PAL standard. 

System Clocks-PcP1 and PcP2' Pins 35 and 36 
These clocks are the master timing generator for the VIC 
System. They are five volt, non-overlapping 1.8 MHz 
clocks capable of driving the capacitance of the 6512A 
microprocessor. 

Analog to Digital Converters-POTX and POTY, Pins 17 
and 18 
These input pins are used to convert potentiometer posi­
tion into a microprocessor readable 8 bit HEX number. This 
is accomplished by a simple RC time constant integration 
technique. The potentiometer is used to charge an exter­
nal capacitor tied to the pot pin. Refer to application note 
No. 1 (Insert) 

Composite Sound-Pin 19 
This pin provides the output of the sound synthesizer 
portion of the 6562 shown in the VIC Block Diagram. It is a 
high impedance output and must be buffered and 
amplified externally to drive a speaker. 

Composite Sync and Luminance-Pin 3 
This pin is an open drain output which provides all the 
necessary video synchronization and luminance informa­
tion required by a standard television. Refer to application 
note No. 1 (insert). 

Composite Color-Pin 2 
This signal provides the necessary color information re­
quired by a standard television to receive a full color pic­
ture. The composite color pin is a high impedance output 
buffer which provides the reference burst signal plus the 
color encoded phase and amplitude information at the 
proper 3.579545 MHz frequency. Refer to application 
note No. 1 (insert). 

Reset-(Option), Pin 37 
This input signal is used to synchronize the horizontal and 
vertical sync counter to an external signal. 
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Bus Available-(Option), Pin 37 
This output signal indicates the state of VIC with respect to 
the video memory fetch. The pin will go low 1 J.Lsec. 
before VIC performs any memory access and will remain 
low until the end of the current screen line. It is possible to 
access VIC registers or video RAM before and after an 
active screen line. 

Light Gun/Pen-(Option), Pin 37 
This input signal causes the current dot position being 
scanned onto the screen to be latched into control regis­
ters 6 and 7, upon a negative going edge. This pin would 
be used in conjunction with a photo detector for use in a 
-target shoot' type game or for light pen applications. 
Refer to application note No. 1 (insert). 
NOTE 
OPTION ALTERNATIVES 
1 LIGHT PEN - Negative edge triggered latch of raster position/6562-101. 
2 RESET - Reset Horizontal and Vertical counters to Vertical Sync.l6562·201 
3 BUS AVAILABLE - Pin is low when VIC is displaying data/6562-301 

AVAILABLE AUXILIARY /BACKGROUND/ 
BORDER COLORS 
o BLACK 
1 WHITE 
2RED 
3 CYAN 
4 MAGENTA 
5 GREEN 
6 BLUE 
7 YELLOW 

8 ORANGE 
9 LIGHT ORANGE 
A PINK 
B LIGHT CYAN 
C LIGHT MAGENTA 
D LIGHT GREEN 
E LIGHT BLUE 
F LIGHT YELLOW 

AVAILABLE CHARACTER COLORS 
O· BLACK 
1 WHITE 
2 RED 
3 CYAN 
4 MAGENTA 
5 GREEN 
6 BLUE 
7 YELLOW 

MCS6562 ELECTRICAL SPECIFICATION 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias ..... -10 0 to 80°C 
Storage Temperature ............ -65°C to 150°C 
Voltage on any Pin* .............. -0.5 V to + 7 V 
Power Dissipation ........................ 1.0 W 

'With respect to Ground 

COMMENT 
Stresses above those listed under -Absolute Maximum Rat­
ings' 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 
operational sections of this specification is not implied. 

D.C. CHARACTERISTICS TA = O°C to +50°C, Voo = 5 V ± 5% (unless otherwise specified) 

CHARACTERISTIC MIN. MAX. TYP. UNITS 

Read/Write, Reset (Option), Address and Data-Input State 
VIL -0.2 0.4 - Volts 
VIH 2.4 5.6 - Volts 
Input Capacitance - 8.0 5.0 pF 
Input Leakage - 10.0 1.0 J.LA 

(all outputs in high impedance state) 
Address and Data-Output State 

VOL - 0.4 - Volts 
VOH 2.4 - - Volts 
IOL -Sink current VOL = 0.4 2.4 - - mA 
IOH-Source current VOH = 2.4 200 - - J.LA 
Impedance in Three State Condition 1 x 106 - - Ohms 

Clock Input (<1>1 and <1>2 Input) 
Frequency - - 14.31818 MHz 
Capacitance - 10.0 - pF 
VIL -0.2 0.3 - Volts 
VIH 4.5 - 5.0 Volts 

Clock Outputs (P<I>l, P<I>2) 
VOL - 0.3 V - Volts 
IOL @ 0.3 Volts VOL 1.6 - - mA 
VOH VOO-·2 - - Volts 
IOH @ 4.7 Volts VOH 200 - - J.LA 
Loading - 120.0 - pF 
Frequency - - 1.8 MHz 
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MCS6562 ELECTRICAL SPECIFICATIONS (Continued) 

CHARACTERISTIC MIN. MAX. TYP. UNITS 

Composite Sound 
Output Impedance - 2000 1000 n 
Max. Current (Sink or Source) - 500 - /LA 
Output Offset Voltage 2.2 2.8 2.5 Volts 
VOH (Max. Amplitude-all oscillators) 3.7 - 4.0 Volts 
VOL (Max. Amplitude-all oscillators) - 1.3 1.0 Volts 
VOH (Min. Amplitude-one oscillator) 2.55 - 2.6 Volts 
VOl (Min. Amplitude-one oscillator) - 2.45 2.4 Volts 

Pot Inputs 
VTRIGGER (Rising Edge) 2.2 2.8 2.5 Volts 
Pot Reset 

VOl - 0.2 - Volts 
IOl @ VOL = 0.2 500 - - /LA 

Light Pen Input (Option) 
VTRIGGER (Falling Edge) 2.8 2.2 2.5 Volts 

Bus Available (Option) 
VOl - 0.3 - Volts 
10l 1.6 - - rnA 
VOH 2.4 - - Volts 
IOH 10 - - /LA 

Voo 4.75 5.25 5.00 Volts 
100 - 150 120 rnA 

VIC INPUT CLOCKS 

Teyel 

.1 IN 

TPWLI 
112 IN 

14.31818 MHz CLOCK INPUT 

VIC OUTPUT CLOCKS 

T CYC3 

""'r- I-~ -' -----4 
P~I \ -i \ .- -'Ir -- - - O.4V 

T, 
TOl3 

TR 

I-- TOH! =l_TCD _F-_4.5V 
_ _ __ ...... ~ __ -_O.4V 

TOL! _ 
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MICROPROCESSOR READ/WRITE TIMING TO VIC 

LI PROCESSOR 
ADDRESS 

DATA FROM UPROCESSOR 

DATA 

FROM VIC 

VIC 

ADDRESS 

DATA 

FROM 
MEMORY 

I 

~ TAce 

VIC READ TIMING FROM MEMORY 

. ,- - - - - - - - """"\ 
I \ 

\~~C==S~R_A~R.:.sS--11 

DH 
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VIC SYSTEM TIMING 

VIC INPUT CLOCK TIMING 

SYMBOL CHARACTERISTIC 

Tcyc1 Input Clock Cycle Time 
TpwH1 Clock High 
TpWL1 Clock Low 
TR, TF Rise and Fall Time 

VIC OUTPUT CLOCK TIMING 

TCYC3 1.8 MHz ItProcessor Clocks Cycle Time 
TOL3 P4>1, P4>2 Clocks Low 
TOH3 P4>1, P4>2 Clocks High 
TCD Delay Time Between Clocks At .4 V 
TR Rise Time, Max. CL 
TF Fall Time, Max. CL 

MICROPROCESSOR READ/WRITE TIMING TO VIC 

TAs Address Set Up Time 
TAH Address Hold Time 
TRS Read Set Up Time 
Tws Write Set Up Time 
Tos Data In Set Up Time 
TAcc Data Access Time 
TOH Data Hold Time 

VIC READ TIMING FROM MEMORY 

TVA Time to Valid Address From P4>1 
TAH Address Hold Time 
Tosu Data Set Up Time 
DH Data Hold Time 

COMPOSITE SYNC, COLOR AND LUMINANCE TIMING 

BLANKING Blanking Period (No Video) 
Bs Breeze Way 
BURST Color Burst Reference Signal 

Note 
The color burst signal is the 3.579545 MHz color phase reference from which 
all other color information is measured. 
For Example: Full intensity blue is a 3.579545 MHz signal which has a relative 

delay of 135 ns from burst if the burst signal was available 
throughout the entire HL period. 
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MIN. TYP. MAX. UNITS 

69.82 - 69.84 ns 
20 - - ns 
20 - - ns 
- - 10 ns 

548 - 566 ns 
240 - 286 ns 
240 - 286 ns 
5 - 20 ns 
- - 40 ns 
- - 20 ns 

210 - - ns 
5 - - ns 

210 - - ns 
150 - - ns 
100 - - ns 
- - 200 ns 
10 - - ns 

- - 30 ns 
10 - 20 ns 
30 - - ns 
20 - - ns 

10.0 11.0 12.0 itS 

.3 .5 .7 itS 

4.0 5.0 6.0 itS 
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COMPOSITE SYNC OUTPUT TIMING 

SYMBOL CHARACTERISTIC 

HS Horizontal Sync Pulse 
HL Horizontal Line Period 
HLI2 One Half Horizontal Line Period 
E Equalization Pulse 
EL Equalization Time Period 
Vs Vertical Sync Period 
Vs to Vs Vertical Sync to Vertical Sync Time Period 

Notes: 
1. The number of Hl periods between Vs periods is 262.5 in the interlace 

mode. 
2. The number of Hl periods between Vs periods in the non-interlace mode is 

262 per frame. 
3. NTSC only. 

MIN. 

4.0 
63.0 
30.0 
2.0 

188.0 
188.0 

-

COMPOSITE SYNC, COLOR AND LUMINANCE 

OOMPOSITE 
COLOR 

COMPOSITE 
SYNC 6 
LUMIN 

FULL BLACK 
INTENSITY 

COLOR 

COMPOSITE SYNC OUTPUT 

FRAME TWO 
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LOW I WHITE 
INTENSITY 

COLOR 

TYP. MAX. UNITS 

5.0 6.0 p's 
63.5 64.0 p's 
31.5 32.5 p.s 
2.5 3.0 p's 

190.5 192.0 p's 
190.5 192.0 p.s 
16.66 - ms 
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STANDARD SYSTEM CONFIGURATION 
A typical VIC System would consist of a microprocessor, 
VIC, ROM, RAM and 110. The tasks involved in a system 
are divided between the IlP and VIC. The IlP controls the 
system functions (such as games) and VIC controls the 
Video Display. 

VIC is designed to operate with 65XX microprocessors, 
generating the IlP clocks directly (or through external 
dividers for slower systems). This allows the IlP and VIC to 
alternate memory access through interleaved DMA. 

A VIC System is divided into two sections; a standard 
speed section containing system RAM (optional), system 
ROM and system 110; and a high-speed section, contain­
ing the shared high-speed (200 ns) RAM. 

The shared subsystem must be isolated from the system 
busses via tri-state buffers whenever VIC takes control of 
the high-speed bus. Since the system busses are unaffect­
ed when VIC accesses the shared subsystem, all devices 
external to the shared subsystem can run at a slower 
speed, allowing standard speed system design. 

Although it is possible to incorporate all system RAM into 
the high-speed section of the system, it may be more cost 
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effective to place only that RAM needed for video infor­
mation in the high-speed subsystem and all other RAM 
outside. 

Refering to the Standard System Diagram, the Tri-state 
buffers on the Address and Data busses allow the shared 
section to be isolated from the system busses during PcP2, 
the VIC busses tri-state and the buffers allow the IlP to 
access the shared RAM or VIC registers. 

During PcP1 the Color RAM is accessed in parallel with the 
Video Matrix, therefore, any VIC access of the Video Ma­
trix also accesses the Color RAM. During PcP2 the tri-state 
buffer on the Color RAM allows the IlP to access the Color 
RAM as a block of memory separate from the Video Ma­
trix, (the Color RAM, therefore, resides in two different 
locations; at the same location as the Video Matrix during 
PcP1 and at some unique location during PcP2)' 

The 4052 CMOS MUX allows four joysticks to be connect­
ed to VIC. The 110 section determines which joystick will 
be digitized at anyone time. 
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STANDARD SYSTEM DIAGRAM 
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commodore semiconductor group 

NMOS 

65245 
Octal Bus Transceiver With 3-State Outputs 

DESCRIPTION 

The 65245 is an octal bus transceiver designed for asynchronous, bi-directional communication between data busses. 

The level of the Direction input (DIR) allows data transmission from bus A to bus B or from bus B to bus A. The Enable 
input (E) can be used to provide isolation between the busses. 

The device is fully TTL and CMOS compatible, and is pin-for-pin compatible with the 74LS245. 

PIN CONFIGURATION 

65245 

DIR 20 VDD 

AO 2 19 E 

A1 3 18 60 

A2 4 17 61 

A3 5 16 62 

A4 6 15 63 

AS 7 14 64 

A6 8 13 65 

A7 9 12 66 

Vss 10 11 67 
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TRUTH TABLE 

E DIR Output 

L 
L 
H 

NOTES 
l = lOW level 
H = HIGH level 
X = Irrelevant 

L B data to A bus 
H A data to B bus 
X Isolation 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Supply Voltage Vce 
Input Voltage Vin 
Operating Temperature 
Range TA 

Storage Temperature 
Range Tstg 

COMMENT 

Value 

-0.3 to +7.0 
-0.3 to +7.0 

o to +70 

-55 to +150 

Unit 

Vdc 
Vdc 

°C 

°C 

This device contains input protection against damage due 
to high static voltages or electric fields; however, precau­
tions should be taken to avoid application of voltages 
higher than the maximum rating. 
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ELECTRICAL CHARACTERISTICS (Vee = 5.0 V ± 5%, Vss = 0, TA = 0° to + 70 0 q 

Symbol Parameter Min Typ Max Unit 

VIH Input High Voltage 2.0 V 

Vil Input Low Voltage 0.8 V 

VOH Output High Voltage 
Vee = MIN, VIH = 2.0 V 
IOH = -3 mA 2.4 V 
IOH = -15 mA 2.0 

VOL Output Low Voltage 
Vee = MIN, Vil = 0.8 V 
1m = 12 mA 0.4 V 
1m = 24 mA 0.5 

IozH High-Impedance Output Current 50 J.lA 
E = 2.0 V, Vee = MAX, VOUT = 2.7 V 

lozl High-Impedance Output Current -50 J.lA 
E = 2.0 V, Vee = MAX, VOUT = -0.4 V 

IIH High-Level Input Current 100 nA 
Vee = MAX, VIH = 2.7 V 20 

III Low-Level Input Current -100 nA 
vee = MAX, Vil = 0.4 V 20 

IOH High-Level Output Current mA 
Vee = NOM, VOUT = 2.4 V -15 

1m Low-Level Output Current mA 
Vee = NOM, VOUT = 0.4 V 24 

lee Power Supply Current mA 
Outputs High 47 64 
Outputs Low 44 100 
Outputs Hi-Z 56 105 

AC CHARACTERISTICS (Vee = 5.0 V, Vss = 0 V, TA = +25°q 

Symbol Parameter Min Typ Max Unit Test Conditions 

tplH Propagation Delay 40 ns 
tpHl Data to Output 40 ns 

tpzH Output Enable Time 
40 ns Test Circuit 

tpZl 40 ns 

tpHZ Output Disable Time 
40 ns 

tplZ 40 ns 

AC TEST CIRCUIT 

330n 
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commodore semiconductor group 

NMOS 

2114 
Static RAM (1024 x 4) 

2114 2114L 

Access Time (ns) 450, 300, 200 450, 300 

Supply Current/Tolerance 100mA ±5% 70 mA ±5% 

• 450, 300, Maximum Access Time • Single 5 V Supply 
• Three-state Outputs for OR-Ties • No Clocks or Strobes Required 
• Directly TTL Compatible: All Inputs, Outputs and 

Power Supply 
• High-Density 18-Pin Package 
• Identical Cycle and Access Times 

• 400 mV Noise Immunity on Inputs 

DESCRIPTION 

The MOS Technology 2114 is a 4096-bit Static Random Access Memory organized as 1024 words by 4 bits. It is 
fabricated using N-channel Silicon Gate technology. Because it is designed using fully DC stable (static) circuitry in both the 
memory array and the decoding, it requires no clock or refresh. Address setup times are not required and data is read 
nondestructively with the same polarity as the input data. Common Input/Output pins are provided to simplify design of 
bus-oriented systems. Drive capability is 2 TTL loads. 

The 2114 is designed for memory applications where high performance, low cost, large bit storage and simple interfacing 
are important design objectives. It is totally TTL compatible in all respects. A separate Chip Select (CS) input allows easy 
selection of an individual device when outputs are OR-tied. 

Available in ceramic or molded packaging, the 2114 is offered in eight models. The 2114-45 (ceramic) and 2114-45 
(molded) devices require a supply current of 100 mA, with a tolerance of ± 5%. A 10% tolerance is obtained using the 
MCT (ceramic) and MPT (molded) 2114-45. Low-power models include the 2114L-45 (ceramic) and 2114L-45 (molded) 
devices with 70 mA supply current reuirements and ± 5% tolerance as well as the ± 10%-tolerance versions. 

PIN CONFIGURATION BLOCK DIAGRAM 

2114 AO 

A6 Vee A, 

A5 A7 
A2 

A, 

A4 AS A, 

A3 A9 
A, 

1/°1 

Ao ,/° , 
1/°2 

AI 1/°2 
1/°3 

A2 1/°3 1/°4 

cs 1/°4 
cs 

Vss WE 

WE 
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2114 

DC CHARACTERISTICS TA = O°C to +70°C, Vee = 5 V ± 5% (unless otherwise specified) 

MCS2114L-45 MCS2114-45 MCT2114L-45 MPT2114-45 
MPS2114L-45 MPS2114-45 MPT2114L-45 MPT2114-45 

Symbol Parameter Min Max Min Max Min Max Min Max Unit Test Conditions 

III Input Load Current 10 10 10 10 J.lA VIN = 0 to 5.2SV 
(all input Pins) 

ILO 1/0 Leakage Current 10 10 10 10 J.lA CS = 2.0 V, 
Vila = 0.4 V to 
Vee 

lee1 Power Supply Current 65 95 rnA Vee = 5.25 V, 
1110 = 0 rnA, 
TA = 25°C 

leC2 Power Supply Current 70 100 rnA Vee = 5.25 V, 
1110 = 0 rnA, 
TA = O°C 

leC3 Power Supply Current 65 95 rnA Vee = 5.5 V, 
1110 = 0 rnA, 
TA = 25°C 

lee4 Power Supply Current 70 100 rnA Vee = 5.5 V, 
1110 = 0 rnA, 
TA = O°C 

VIL Input Low Voltage -0.5 0.8 -0.5 0.8 -0.5 0.8 -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee 2.0 Vee 2.0 Vee 2.0 Vee V 

VOL Output Low Voltage 0.4 0.4 0.4 0.4 V IOL = 3.2 rnA 

VOH Output High Voltage 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee V 10H = -400 J.lA 

AC CHARACTERISTICS TA = O°C to +70°C, Vee = 5 V ±5% (unless otherwise specified) 

MCS2114-45 MCT2114-45 
MPS2114-45 MPT2114-45 

MCS2114L-45 MCT2114L-45 
MPS2114L-45 MPT2114L-45 

Symbol Parameter Min Max Min Max Unit 

READ CYCLE 

tRe Read Cycle Time 450 450 ns 

tAee Access Time 450 450 ns 

teo Chip Select to Output Valid 120 120 ns 

tex Chip Select to Output Off 0 0 ns 
tom Chip Deselect to Output Off 0 100 0 100 ns 

tOHA Output Hold from Address Change 50 50 ns 

WRITE CYCLE 

twe Write Cycle Time 450 450 ns 

tAW Address to Write Setup Time 0 0 ns 
tw Write Pulse Width 200 200 ns 
tWR Write Release Time 0 0 ns 

tOTW Write to Output Off 0 100 0 100 ns 
tDW Data to Write overlap 200 200 ns 

tDH Data Hold 0 0 ns 
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2114 

CAPACITANCE TA = 25°C, f = 1.0 MHz 

Symbol Test Min Max 

CliO Input/Output Capacitance 10 
C1N Input Capacitance 7 

AC CONDITIONS OF TEST 

Input Pulse levels .................. 0.8 V to 2.0 V 
Input Rise and Fall Time ..................... 10 ns 
Timing Measurement levels: 

Input .................................. 1.5 V 
Output ....................... 0.8 V and 2.0 V 

Output load ............... 1 TTL Gate and 100 pF 

COMMENT 
Stresses above those listed under "Absolute Maximum Rat­
ings-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 
operational sections of this specification is not implied. 

TIMING DIAGRAMS 

READ CYCLE(I) 

Unit Note 

t RC 

pF This parameter is periodically 
pF sampled and not 100% tested 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin* 
Power Dissipation 

'With respect to ground 

\4------ t ACC ------_~~I 

Conditions 

Vila = OV 
VIN=OV 

-10°C to +80°C 
-65°C to +150°C 

-0.5 V to +7 V 
1.0W 

ADDRESS _-Jl'--______________ ~ __ _JII~------

CS 

tco 
tcx 

WRITE CYCL E =f-------- t WC ---------1"'1 

ADDRES S ----------------------- ---------

cs I 

14---- t W -,(.::;2-'..) --_~ 

WE 

NOns 
1. WE is high for a Read Cycle 
2. TW is measured from the latter of CS or WE going low to the earlier of CS 

or WE going high 

2-104 



TYPICAL CHARACTERISTICS 
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commodore semiconductor group 

NMOS 

2316 
Static ROM (2048 x 8) 

• Access Time 450 ns and 350 ns (mioomum) • Single 5 V Power Supply 
• Totally Static Operation • Pin Compatible With 2716 EPROM 
• Fully TTL Compatible • 400 mV Noise Immunity on Inputs 
• Three-State Outputs for Wire-QR Expansion • 2708/2716 EPROMs Accepted as Program Data Inputs 
• Three Programmable Chip Selects 

DESCRIP"OON 

The MOS Technology 2316 is a 16,384-bit Static; Read-Only Memory organized as 2048 x 8 bits. It features a fast access 
time (350 ns, maximum)., It is designed to be compatible with all microprocessor and similar applications where high 
performance, large bit storage capadty and simple interfadng requirements are important design considerations. 

The 2316 operates totally asynchronously; no clock input is required. With three programmable chip select inputs, eight 
16K ROMs can be OR-tied with no need for external decoding logic. Designed to replace two 2708 8K EPROMs, the 
2316 can eliminate the need to redesign printed drcuit boards for volume mask-programmed ROMs after prototyping is 
completed with EPROMs. 

PIN CONRCURAnON BLOCK DIACRAM 

A3 
01 

2316 
02 

A7 VCC A4 
ct: 

Aa w 163 S 4 
As A5 0 

0 BIT °4 A5 Ag A6 II 
w 

A4 CS3/CS3 0 CELL °5 
A7 

A3 CS1/CSI 3: ARRAY 06 
AS 0 

A2 AIO ct: 07 

AI CS2/CS2 
Ag 

Os 
Ao Oa 

01 07 

02 Os 

03 05 C52 

GND 04 

Aa AI A2 Ala 
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2316 

DC CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0 V ±5% (unless otherwise specified) 

Symbol Parameter Min Max Units Test Conditions 

leel Power Supply Current 100 rnA VIN = Vee, Va = Open, TA = O°C 

leC2 Power Supply Current 95 rnA VIN = Vee, Va = Open, TA = 25°C 

10 Output Leakage Current 10 }LA Chip Deselected, Va = 0 to Vee 

II Input Load Current 10 }LA Vee = Max. VIN = 0 to Vee 

Val Output Low Voltage 0.4 Volts Vee = Min. 10l = 2.1 rnA 

VOH Output High Voltage 2.4 Volts Vee = Min. 10H = -400 }LA 

Vll Input Low Voltage -0.5 0.8 Volts See note 1 

VIH Input High Voltage 2.0 Vee+1 Volts 

AC CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0 V ±5% (unless otherwise specified) 

Symbol Parameter Min 

tAee Address Access Time 

teo Chip Select Delay 

tOF Chip Deselect Delay 

tOH Previous Data Valid After 40 
Address Change Display 

CAPACITANCE TA = 25°C, f = 1.0 MHz, See Note 3 

Symbol Parameter Min 

YN Input Capacitance 

COUT Output Capacitance 

Notes 
1. Input levels that swing more negative than -0.5 V will be clamped and 

may cause damage to the device. 
2. loading 1 TIL + 100 pF, input transition time: 20 ns. 

Timing measurement levels: input 1.5V, output 0.8V and 2.0V. 
3. This parameter is periodically sampled and is not 100% tested. 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature Under Bias 0° to +70°C 
Storage Temperature -65°C to +150°C 
Supply Voltage to Ground Potential -O.5v to +7.0V 
Applied Output Voltage -0.5V to +7.0V 
Applied Input Voltage -O.5V to +7.0V 
Power Dissipation 1.0W 

Max Units Test Conditions 

450 ns 

200 ns 
See Note 2 

175 ns 

ns 

Max Units Test Conditions 

8 

10 
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pF All Pins except Pin under Test Tied to 

pF AC Ground 

COMMENT 
Stresses above those listed under "Absolute Maximum Rat­
ings- may cause permament 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 operational sections of this specification is not implied. 



TIMING DIAGRAM 
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commodore semiconductor group 

NMOS 

2332 
Static ROM (4096 x 8) 

2332 2332A 2332B 

Maximum Access Time 450 ns 350 ns 300 ns 

• Access Time Less Than 350ns • Single 5V Power Supply 
• Totally Static Operation • Pin Compatible With 2716 & 2732 EPROMs 
• Fully TTL Compatible • 400mV Noise Immunity on Inputs 
• Three-State Outputs for Wire-OR Expansion • 270812716 EPROMs Accepted as Program Data Inputs 
• Two Programmable Chip Selects 

DESCRIPTION 

The MOS Technology 2332 is a 32,76B-bit Static Read-Only Memory organized as 4096 x B bits. It features fast access 
time (450 ns maximum with the 2332, 350 ns maximum with the 2332A). The 2332 is designed to be compatible with all 
microprocessor and similar applications where high performance, large bit storage capacity and simple interfacing 
requirements are important design considerations. 

The 2332 operates totally asynchronously; no clock input is required. With two programmable chip select inputs, four 
32K ROMs can be OR-tied with no need for external decoding logic. Designed to replace two 2716 16K EPROMs, the 
2332 can eliminate the need to redesign printed circuit boards for volume mask-programmed ROMs after prototyping is 
completed with EPROMs. 

PIN CONFIGURATION BLOCK DIAGRAM 

A4 01 

2332 
A5 02 

Il:: 

A7 VCC Il:: 32768 
w 

03 AS w u. 

As As 0 u. 
0 BIT ~ °4 A7 In 

A5 Ag u 
w 

CS2/CS2 
AS 0 CELL °5 A4 f-

OJ 

A3 CSI/CSI A9 3 ARRAY CI. 06 
0 f-

AIO Il:: ~ 

°7 A2 AIO 0 

AI All Al1 08 

AO 08 

°1 07 

02 Os CSI CS2 

03 °5 
GND 04 

AO AI A2 A3 
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2332 

DC CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0 V ± 5% (unless otherwise specified) 

Symbol Parameter Min Max Units Test Conditions 

lee1 Power Supply Current 125 rnA VIN = Vee, Va = Open, TA = O°C 

leo Power Supply Current 120 rnA VIN = Vee, Va = Open, TA = 25°C 

10 Output Leakage Current 10 pA Chip Deselected, Va = 0 to Vee 

II Input Load Current 10 p.A Vee = Max. VIN = 0 to Vee 

VOL Output Low Voltage 0.4 Volts Vee = Min. IOL = 2.1 rnA 

VOH Output High Voltage 2.4 Volts Vee = Min. 10H = -400 pA 

VIL Input Low Voltage -0.5 0.8 Volts See note 1 

VIH Input High Voltage 2.0 Vee+1 Volts 

AC CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0 V ± 5% (unless otherwise specified) 

2332 

Symbol Parameter Min Max 

tAee Address Access Time 450 

teo Chip Select Delay 200 

tOF Chip Deselect Delay 175 

tOH Previous Data Valid After 
Address Change Display 40 

CAPACITANCE TA = 25°C, f = 1.0 MHz, See Note 3 

Symbol Parameter Min 

CIN Input Capacitance 

Cour Output Capacitance 

Noles 
1. Input levels that swing more negative than -0.5 V will be damped and 

may cause damage to the device. 
2. Loading 1 m + pF. input transition time: 20 ns. 

Timing measurement levels: input 1.SV. output 0.8V and 2.0V. 
~ = 100pF. 

3. This parameter is periodically sampled and is not 100% tested. 

ABSOLUTE MAXIMUM RA TlNCiS 

Ambient Operating Temperature 0° to +70°C 
Storage Temperature -65°C to +150°C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
Applied Output Voltage -0.5V to +7.0V 
Applied Input Voltage -0.5V to +7.0V 
Power Dissipation 1.0W 

2332A 

Min Max Units Test Conditions 

350 ns 

200 ns 
See Note 2 

175 ns 

40 ns 

Max Units Test Conditions 

B 

10 
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pF All Pins except Pin under Test Tied to 

pF AC Ground 

COMMENT 
Stresses above those listed under "Absolute Maximum Rat­
ings'may cause permament 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 operational sections of this specification is not imp/ied. 



2332 

TIMING DIAGRAM 
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commodore semiconductor group 

NMOS 

2364 
Static ROM (8192 x 8) 

2364 2364A 2364B 

Maximum Access Time 450 ns 350 ns 300 ns 

• Access Time 450 ns and 350 ns • Single 5V Power Supply 
• Totally Static Operation • Pin Compatible With 2716 & 2732 EPROMs 
• Fully TTL Compatible • 400 mV Noise Immunity on Inputs 
• Three-State Outputs for Wire-OR Expansion • 271612732 EPROMs Accepted as Program Data Inputs 
• Programmable Chip Select 

DESCRIPTION 

The MOS Technology 2364 is a 65, 536-bit Static Read-Only Memory organized as 8192 x 8 bits. It features fast access 
time (350 ns maximum). It is designed to be compatible with all microprocessor and similar applications where high 
performance, large bit storage capacity and simple interfacing requirements are important design considerations. 

The 2364 operates totally asynchronously; no clock input is required. With one programmable chip select input, two 64K 
ROMs can be OR-tied with no need for external decoding logic. Designed to replace two 2732 EPROMs, the 2364 can 
eliminate the need to redesign printed circuit boards for volume mask-programmed ROMs after prototyping is com­
pleted with EPROMs. 

PIN CONFIGURATION BLOCK DIAGRAM 

AS 01 
2364 

A6 
0:: 

02 
A7 VCC 0:: LIJ 

A7 w 65536 LL 03 
A6 AS 0 LL 

AS 0 BIT 
::J 

°4 A5 Ag u CD 

LIJ 

A4 A12 Ag 0 CELL °5 I-

A3 CS,/CS, A 10 ~ 
0 

::J 
ARRAY 11. 

I-
06 

A2 A,O A11 
0:: ::J 

°7 0 

A, All A12 08 
AO Os 

0, 07 

02 06 CSI 

03 °5 
GND 04 

AO A1 A2 A3 A4 
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2364 

DC CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0 V ± 5% (unless otherwise specified) 

Symbol Parameter Min Max Units Test Conditions 

lee1 Power Supply Current 125 mA VIN = Vee, Vo = Open, TA = O°C 

leG Power Supply Current 120 mA VIN = Vee, Vo = Open, TA = 25°C 

10 Output Leakage Current 10 /LA Chip Deselected, V 0 = 0 to Vee 

II Input Load Current 10 /LA Vee = Max. VIN = 0 to Vee 

VOl Output Low Voltage 0.4 Volts Vee = Min. 10l = 2.1 mA 

VOH Output High Voltage 2.4 Volts Vee = Min. 10H = -400 /LA 

Vil Input Low Voltage -0.5 0.8 Volts See note 1 

VIH Input High Voltage 2.0 Vee+l Volts 

AC CHARACTERISTICS T A = O°C to + 70°C, Vee = 5.0 V ± 5% (unless otherwise specified) 

2364 

Symbol Parameter Min Max 

tAce Address Access Time 450 

tco Chip Select Delay 200 

tOF Chip Deselect Delay 175 

tOH Previous Data Valid After 
Address Change Display 40 

CAPACITANCE TA = 25°C, f = 1.0 MHz, See Note 3 

Symbol Parameter Min 

CIN Input Capacitance 

COUT Output Capacitance 

Notes 
1. Input levels that swing more negative than -0.5 V will be clamped and 

may cause damage to the device. 
2. Loading 1 TTL + pF, input transition time: 20 ns. 

Timing measurement levels: input l.SV, output O.BV and 2.0V. 
CL = 1OOpF. 

3. This parameter is periodically sampled and is not 100% tested. 

ABSOLUTE MAXIMUM RATINGS 

Ambient Operating Temperature 0° to +70°C 
Storage Temperature -65°C to +150°C 
Supply Voltage to Ground Potential -O.5V to +7.0V 
Applied Output Voltage -0.5V to +7.0V 
Applied Input Voltage -0.5V to +7.0V 
Power Dissipation 1.0W 

2364A 

Min Max Units Test Conditions 

350 ns 

200 ns 
See Note 2 

175 ns 

40 ns 

Max Units Test Conditions 

8 

10 
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pF All Pins except Pin under Test Tied to 

pF AC Ground 

COMMENT 
Stresses above those listed under 'Absolute Maximum Rat­
ings'may cause permament 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 operational sections of this specification is not implied. 
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TIMING DIAGRAM 
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Section 3 
CMOS 





commodore semiconductor group 

CMOS 

FR2060 
Alarm Watch With Snooze 

Stopwatch And Timer 

• 24 Hours Settable Countdown Timer or ... 
• 6 to 8 Digit Stopwatch (Autorange Capability in 6D 

Versions) 
• Daily Alarm with Snooze-5 Minute Repeatable 

Reminder ITimer 
• Executive Alarm Warning 
• Alarm Feature Can be Set to Any Minute of the Day 
• Many Display Formats Available with 6 to 8 Digits and 

Day Flags 
• 4 Year "Smart" Calendar 
• Two Button Control of All Alarm Time, Normal Func­

tions and Backlight 
• Third Button Used ONLY When Accessing Timer or 

Stopwatch 
• One Touch ± 30 Second Error Correction 
• Simple Setting Procedures 
• Single 1.5 V Battery Operation 
• Low Power Dissipation 

DESCRIPTION 

• 32768 Hz Quartz Crystal Operation 
• Power-Up Reset 
• On-Chip Oscillator Resistors 
• High Speed Test Capability 
• Designed For Use with Industry Standard Biplexed LCD 

Displays 
• Multi-Tone Sound Outputs 
• Lithium Battery Supply Option 
• Chime Option 
• 7 Flag Day of the Week Indicators and Timer, 

Stopwatch and Alarm Flags 
• Alarm and Lamp Test (Simultaneous Switch 

Depression) 
• Efficient Voltage Doubler 
• Option for 12 or 24 Hour Time Display 
• Option for Month Date or Date Month Display 
• Backlight/Function Switch Combination Option 

The FR2060 is a programmable CMOS/LSI circuit which contains all the logic necessary to implement a multi-function 6 or 
8 digit biplexed liquid crystal display alarm watch with countdown timer and stopwatch. This device is fabricated with 
low-threshold, lon-implanted CMOS metal gate technology for low voltage, low power operation. The circuit contains 
an oscillator-amplifier with an internal feedback resistor for use with 32768 Hz quartz crystals. The circuit operates from a 
single 1.5 volt battery and contains internal voltage multiplying circuitry that can be connected as a voltage doubler with a 
minimum of external components. Three switch inputs are required to control all operations. These switch inputs have 
pull-down resistors and debounce by internal circuitry. Date/Month and 24 Hour mode options are also provided. 
Switch control and display functions have been designed for flexibility and ease of operation. 

WATCH OPERATION: 
The FR2060 has been designed with sufficient program­
ming in its display circuitry to allow interfacing with almost 
any common 6 to 8 Digit dual backplane multiplexed LCD 
display including Day of Week and numerous indicator 
flags. 

The following discussion outlines the operation of a 6-digit 
multi-function watch followed by a description of an 
8-digit multifunction version. The programmability of the 
FR2060 switch and display controls allows this diversity. 

Referring to Figure 1, note the following basic guidelines 
for the operation of the FR2060 6 Digit version: 

A. 53 (,Select Button-) is used as a selection switch to 
choose between the following states: 
1. Normal time display with Alarm 
2. Countdown Timer set/display 
3. Chronograph (Lap or Split Mode) 
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B. Within any of the above states, 52 (,Set Button-) is 
basically used to select the information to be 
changed: 
1. In the Normal display state 52 is used to select 

Alarm or Real time for setting. 
2. In the Timer state, 52 is used for selecting the 

timer counters to be set. 
3. In the Chronograph state, 52 controls the display 

of the stopwatch vs. lap/Split time. 
C. 51 ('Display Button-) is used to control the display 

options in the Normal display state as well as to con­
trol the actual changing of watch date as follows: 
1. In the Normal display state 51 controls the 

arming/disarming of the Alarm as well as the 
incrementing of timekeeping counters when 
setting. 

2. In the Timer state 51 is used for setting the de­
sired countdown time as well as for start/stop. 

3. In the Stopwatch state 51 is used for controlling 
start/ stop. 
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NORMAL DISPLAY ST A TE-6 DIGIT WATCH 
The normal display for the watch is: Hours: Minutes Sec­
onds or Hours: Minutes Date. 

One push and release of the 'Display" Button (51) will 
display Month and Date for 3 seconds. If the display but­
ton is held depressed for longer than 3 seconds, Hours: 
Minutes Date will replace Hours: Minutes Seconds, or vice 
versa. 

One of the seven day flags will indicate day of the week in 
all of the above modes. 

Two sequential depressions of 51 will display Alarm time, 
and three depressions will alternately arm/disarm the 
Alarm. 

SETTING (Normal Display State) 
Depressing the Set Button (52) one time will cause no 
action, however two successive depressions of the 52 will 
place the watch in the Alarm set mode. Alarm Hours: 
Minutes will appear with an 'K (AM) or 'P" (PM) indication 
in the right most position. The Alarm Hours will be flashing 
and will advance with each depression of the 'Display" 
Button or at a 2 Hz rate if the button is held. The display will 
return to normal mode 3 seconds after the last Set or 
Display input. 

The next push of the Set Button before the 3 second 
timeout will cause the Alarm tens of Minutes to flash. 
Alarm tens of Minutes are advanced as above. The display 
will return to normal 3 seconds after the last Set or Display 
input. 

The next push of the Set Button before the 3 second 
timeout will cause the Alarm units of minutes to flash. 
Alarm units of minutes are advanced as above. The display 
will return to normal 3 seconds after the last Set or Display' 
input. 

The next push of the Set Button will cause 'CH" to display. 
If flashing, the Chime option is enabled, otherwise it is off. 
Depressing 51 will alternate the Chime status. The display 
will retum to normal 3 seconds after the last Set or Display 
input. 

The next push of the Set Button before the 3 second 
timeout will display Month Date Day with Month flashing. 
The month is advanced with 51 as above. There is NO 
automatic timeout return from this or any of the following 
set states. 

The next push of the Set Button will cause the Date to 
flash; the Date is advanced as above. 

The next push of the Set Button will cause the Day to flash. 
The Day of the week is advanced in the same manner as 
the month. 
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The next push of the Set Button will cause the display of 
Hours: Minutes Seconds with Seconds flashing. 51 depres­
sion will zero seconds; if Sec 2::: 30, Minutes will also ad­
vance by 1. 

The next push of the Set Button causes the display of 
Hours: Minutes (actual time) with an 'K or 'P" signifying 
AM or PM. The hour flashes and is advanced in the same 
way as other data. 

The next push of the Set Button causes units of Minutes to 
flash with seconds counting. Units of minutes are ad­
vanced as above. 

The next push of the Set Button causes units of Minutes to 
flash with seconds counting. Units of minutes are ad­
vanced as above. 

The last push of the Set Button places the watch in the 
normal display without altering the seconds count. 

Note that Alarm time is always distinguishable from actual 
time by the fact that ALL Alarm time displays have a 
3 second timeout feature which returns the watch to nor­
mal time mode. 

ALARM OPERATION (Normal Display State) 
Two presses of the display button within 3 seconds will 
cause the Alarm Time (Hours: Minutes, AM or PM) to be 
displayed for 3 seconds. 

A third push of the display button within 3 seconds will 
cause the alarm to change state from armed to disarmed 
or disarmed to armed. When the alarm is armed a flag 
appears in the display. 

When the alarm is armed and the real time matches the 
alarm time, the alarm output will 'beep" once; 3 and % 
seconds later the alarm will beep at 1 Hz intervals for 
26 seconds. A single push of the 51 button will cause the 
alarm to enter a 5 minute 'snooze" mode. The snooze 
may be repeated as many times as desired. Once the 
Alarm turns on, the Snooze feature may thus be used as a 
5 minute reminder/timer until disarmed. Two pushes of 
the display button (within 3 seconds) while the alarm is 
sounding will cancel the alarm. The alarm stays armed and 
will sound again in 24 hours. 

TIMER STATE 
Depressing the Select Button (53) one time will place the 
watch in the last timer mode used. The timer will be in 
whatever state it was left in when this mode .was last 
exited. 

Timer state is indicated by the presence of the Timer flag. 

In Timer state one push and release of the Set Button (52) 
will place the watch in the Timer Set mode. Timer Hours: 
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Minutes Seconds will be displayed. The Timer Hours will 
be flashing and will advance with each depression of the 
display button or at a 2 Hz rate if the button is held. 

The next push of the Set Button will cause the Timer tens 
of minutes to flash. Timer tens of minutes are advanced as 
above. 

After the next push of the Set Button Timer units of min­
utes will flash. Timer units of minutes can then be ad­
vanced as above. 

The next push of the Set Button will cause Timer tens of 
seconds to flash. The timer tens of seconds are advanced 
as above. 

After the next push of the Set Button Timer units of sec­
onds will flash. Timer units' of seconds can then be ad­
vanced as above. 

The next push of the Set Button will stop the flashing. The 
timer is then ready to count down from the time displayed. 
Pushing the Display Button will start the timer. When the 
timer reaches zero the alarm -beep- will be activated. 
While the timer is displayed and counting down the Dis­
play Button can be used to stop and restart the timer. 
When the timer reaches zero and beeps the Display But­
ton is used to deactivate the timer. If there is no deactiva­
tion the timer will automatically go into SW mode and 
begin counting up from zero. This will occur even if the 
timer mode has been exited and the watch is displaying 
normal time. Exit timer state by 53 Button depression. 

STOPWATCH ST A IE 
Stopwatch state is indicated by the flashing of the 
Stopwatch flag. In Lap mode the word -LAP- will be dis­
played, and in the Split mode -SPL- will be displayed. Upon 
entering this state, by holding 53 depressed the watch will 
toggle between LAP and SPLIT modes. Release 53 for de­
sired mode. 

Upon entering the Stopwatch state, the contents of the 
Stopwatch are displayed. The mode of the Stopwatch 
(LAP vs. SPLIT) is that of the previol.!s control sequence. In 
this state 51 (Display Button) is used to start or stop the 
Stopwatch and 52 (Set Button) is used to control 
Stopwatch vs. Lap/Split time display as well as Stopwatch 
reset. 

In the SPLIT mode if the stopwatch is running pushing 52 
will freeze the displayed time in the display. Internally the 
stopwatch continues to count; pushing 52 again will cause 
the display to show the counting stopwatch. If the 
Stopwatch is stopped pushing 52 will zero the Stopwatch. 

In the LAP mode if the Stopwatch is running, pushing 52 
will freeze the display time in the display. Internally the 
Stopwatch will zero and start counting again, pushing 52 
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again will transfer the current Stopwatch time to the dis­
play and restart the internal counter from zero. If the 
Stopwatch is stopped, pushing 52 will zero its contents. 

The colon is used as a stopwatch running/stopped indica­
tor. The colon flashes at a 1 Hz rate when the internal 
stopwatch is running and is steady when the counter is 
stopped. 

Exit the Stopwatch state by 53 button depression to return 
to normal display. 

WATCH OPERATlON-8 Digit Display 
The normal display for the 8-digit watch is: Hours: Minutes 
Seconds Date and Day Flags (Refer to Figure 2). Also active 
in this state are the following flags: PM, Alarm, Timer, 
Chrono, Date and Chime. 

A single depression of 51 will display the Alarm Hour: 
Minutes with the letters -AL- to denote that Alarm infor­
mation is being displayed. A double depression of 51 will 
toggle the Alarm status between armed and disarmed. The 
Alarm Flag is on when the Alarm is armed. The automatic 
3 second return will occur in each of the above cases. 

SETTING 
The switch controls operate in a manner similar to the 
6 digit version previously described. Depressing 52 twice 
will place the watch in the alarm set mode with Hours: 
Minutes -K or -P- and -AL- showing. Hour and -K or -P­
will be flashing and Alarm Hours will advance with each 51 
depression. The watch will return to normal mode 3 sec­
onds after the last 51 or 52 input. 

Another push of 52 before the timeout will cause the 
Alarm tens of Minutes of flash. This data is advanced by 
51 as above. 

The next push of 52 will cause the Alarm units of Minutes 
to flash. This is advanced as above. 

The next push of 52 before the timeout will cause -CH' to 
display. Depressing 51 will alternate the Chime status be­
tween on and off. Flashing -CH- indicates Chime enabled. 

The next push of 52 before the timeout will display Hour: 
Minutes, Seconds with Seconds flashing. 51 depression will 
zero Seconds; if Seconds equal or exceed 30, Minutes will 
also advance by 1. 

Subsequent pushes of 52 access the Real Time Hours, 
Minutes (tens and units), Month, Date, then Day of Week 
set states. In each case the data to be set flashes and is 
incremented by 51 depressions. 

From the Set Day mode, 52 causes the return of normal 
time display. 
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From the normal time display mode, 53 is used to select 
either the Timer or Stopwatch state as described previ­
ously. The operation within the Timer state is essentially 
identical to the 6 digit version. The stopwatch operation is 

FR2060 STATE DIAGRAM 

also similar excepting that Hours: Minutes Seconds 11100 
are shown in the 8 digit version and no auto ranging is 
required. 

NORMAL DISPLAY STATE (INeL ALARM 'CO) 
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TIMER STATE 

TIMER 
ZEROED 

5MIN 
TIMER 

DISARM 
TIMER S1 

NOTE 
Either Timer or Stopwatch May Be Active But Not 
Simultaneously. 

FR2060 

S3 FROM NORMAL DISPLAY STATE 

S2 
HR: MIN SEC (TIMER RUN) 

S1 S1 

HR: MIN SEC (TIMER STOP) 
S2 

S1 (TENS) 

SET TIMER 

S3 

TO STOPWATCH STATE 
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STOPWATCH STATE 

S3 FROM TIMER STATE 

HOLD S3 3 SECS 

LAP 
HOLD S3 3 SECS 

S1 

S1 

S1 

S3 

RElURN TO NORMAL DISPLAY STAlE 

NOTES 
1. The NPN pad may be used to drive the base of an NPN transistor when 

used with a coil for amplified sound output. Direct drive on the piezo is 
accomplished using Al an Ai: (Ref. Fig. 2) 

2. Al+ and Al- define the sense of the alarm input, i.e., if the alarm is 
normally low but goes high when the alarm sounds, connect Al + to the 
alarm output from the watch chip. If Al is normally high, then connect 
Al-. 
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FR2060 STATE DIAGRAM 8-DIGIT 
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Figure 2 
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commodore semiconductor group 

CMOS 

FR2080 
Low Power CMOS Musical Tune Chip 

• Gate Programmable up to 254 Notes of Tune (s) 
• Prolonged Note Capability 
• 3 Octave Range 
• Direct Piezo Transducer Drive or Drive for NPN 

Transistor-Coil 

DESCRIPTION 

• Oscillator Tuning Capacitors 
• Low Standby Cur;ent 
• Interfaceable with Many Common Alarm Watch Chips 
• Small Size 

The FR2080 is a low power 1.5 volt CMOS/LSI circuit which contains all the logic necessary to implement a musical alarm 
for an electronic watch, music box, or other musical application. The circuit is designed to drive a piezo electric 
transducer or a coil-transducer combination directly from the chip. 

In addition to the sound generation circuitry the chip includes a selection of bonding pads with fixed capacitor values 
which may be used to tune a 32KHZ crystal oscillator. 

FUNCTIONAL DESCRIPTION 
The FR2080 is a small musical tune chip which has been 
designed to operate utilizing a 32KHZ time base. In an 
alarm watch, the chip derives its timing by accepting a 
32KHZ oscillator waveform from the timekeeping chip. 
While in a stand-alone application such as a music box, the 
timing is generated by using a 32KHZ crystal. 

In an alarm watch the musical alarm may be implemented 
by as few as 7 signals as shown in Figure 2. Whenever the 
main chip energizes its Alarm Output, that signal enters the 
FR2080 and causes the chip to begin sequencing through 
its programmed tune (s). 

The user shuts the alarm off via a single or multiple switch 
depression (s). If no switch is energized during the tune, 
the entire melody will be played to conclusion and the chip 
will return to its quiescent state. Note that the quiescent 
IDD is quite low. 

Buffers on the chip allow for direct driving of a piezo 
device. This is advantageous in that piezo voltage 
feedback to the main timekeeping circuit is eliminated. 
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A selection of on-chip caps surround the oscillator pins 
allowing the user to selectively eliminate discrete fixed 
tuning capacitors and perhaps even the trim cap. Signifi­
cant module cost and size savings may be realized by 
utilizing this circuitry. 

MUSICAL DETAILS 
The FR2080 uses a 32KHZ time base to generate its notes. 
The range of notes available are: 

Bc _____ bc' _____ b'c· _____ a' 

C IN SECOND OCT AVE 
BELOW MIDDLE C 

MIDDLE A F 

TOTAL OF 36 NOTES SPANS 
APPROXIMATELY 3 OCTAVES 

MIDDLE A f: 431 Hz 

Once triggered the entire tune will be played unless inter­
rupted by a switch input which will reset the circuit. 

A tentative pinout is shown in Figure 1. 
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PINOUT OF 2080 

'" OJ .. .. '" Ol OJ !" ~ '" w '" ex> :.. 
I I I 

~ 20p! ~ lOp! ~ 4 pi ~ 3 p! [;;] 2p! 

83.3 

73.8 ITE2STI 

66.5 losCI IN 

FR 2080 
90 MILS X 90 MILS 

42.3 losc I OUT 

35.5 ~ 30p! 

28.2 ~ 20 p! 

21 ~ lOp! 

13.7 B 
6.5 

ITES1 +0 
0 

5.7 
MILS 

NOTES 
1. The NPN pad may be used to drive the base of an NPN transistor when 

used with a coil for amplified sound output. Direct drive on the piezo is 
accomplished using Al an Ai: (Ref. Fig. 2) 

2. Al + and Al- define the sense of the alarm input, i.e., if the alarm is 
normally low but goes high when the alarm sounds, connect Al + to the 
alarm output from the watch chip. If Al is normally high, then connect 
AL-. 

Figure 1 

Ol Ol .... 'f '" '" .... 

'" to " '" 
B [m~G IN IN 

83.3 

I-vssl 76.0 

B 68.9 

INPNI 61.6 

B 54.4 

~ 6.7 

84.5 

TYPICAL INTERCONNECTION OF 2080 WITH A WATCH CURCUIT 

I 

ITI ~ PIEZO 
0 ALARM OPTIONAL LOUD ALARM CKT 
Sl OUTPUT 0 I .1 

o AL+ ODD 0 
I OR Sl VSSAL AI 

f~I'w WATCH I 
L __ 0 - -

CIRCUIT OAL-
2080 NPN 

+V- O+VDD 
OSC OSC +VDD 
OUT OUT 
0 0 -VSS 

I I 
Figure 2 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
Storage Temperature 
Voltage Any Pin 
Supply Voltage (VDD - VSS) 

00 to 70°C 
25°C to 85°C 

VDD+.3VtoVss-.3 V 
2.0 V 

FR2080 

ELECTRICAL SPECIFICATIONS TA = 25°C; Fosc = 32,768 KHz; VDD = 1.6 V (Unless otherwise indicated) 

Symbol Parameter Min Typ Max Unit Test Conditions 

VDD Power Supply Voltage 1.30 1.5 1.7 Volt 

IDD Power Supply Current 0.2 0.5 IlA Standby mode 

IAL Alarm Output Current ±2 MA VDD = 1.5 V, VSAT = 7 V 
(push-pull) 

liN Switch Input Current -5 -25 IlA VIN = VDD 

VStart Oscillator start Voltage 1.3 Volt 
osc. (Stand alone mode) 

Switch Debounce 62.5 mS 

INPN NPN Output Buffer current ±20 IlA VDD = 1.5 V, VSAT = -7 V 
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commodore semiconductor group 

CMOS 

FR2222 
5 Function 3~ Digit Biplex LCD 

Watch Circuit 

• 5 Function Watch-Hours, Minutes, Seconds, Month • Efficient Voltage Doubler 
and Date • Simple Operating and Setting 

• Biplex LCD Display Drive • Single Input High Speed Test Capability 
• On Chip Oscillator Components • 32768 Hz Quartz Crystal Operation 
• Low Power Dissipation • Small Die Size 
• 4 Year Calendar • Date Flag 

DESCRIPTION 

The FR2222 is a CMOS/LSI circuit containing all the logic necessary to implement a five function watch interfaceable with 
a dual backplane mUltiplexed LCD display. The unique arrangement of the signals and the small die size allow for design 
and manufacture of extremely thin and compact watch modules. 

The device is fabricated with low threshold, lon-implanted CMOS metal gate technology for proven and reliable low 
power operation. The circuit contains an oscillator amplifier with internal feedback resistor elements for interfacing to 
32768 Hz quartz crystals. The chip operates from a single 1.5 volt battery and contains an internal voltage doubler which 
operates with minimal external circuitry. 

OPERATION 
The normal continuous display of the watch is Hours: 
Minutes. 

If the Display Button is pushed and released, Month and 
Date will be displayed for approximately 1.5 seconds, then 
return to Hours: Minutes. If the button is pushed twice, 
Month and Date will be replaced by: Seconds. One further 
depression of the Display Button will return Hours: Minutes 
to the display. 

SETTING 
To set one or more timekeeping modes of the watch, the 
Set Button must be depressed. Month Date will now be 
displayed with Month flashing. To change the Month, the 
Display Button is pushed and held; Month will automati­
cally increment at a 2Hz rate. If the Display Button is 
pushed and not held, the Month will be incremented each 
time the button is pushed. 

3-11 

The next push of the Set Button causes the Date to Flash. 
Date is advanced in the same manner as Month. 

The next push of the Set Button displays the Hour, with an 
-A" or -P' signifying AM or PM. Hour is advanced in the 
same manner as Month. 

The next push of the Set Button displays Hours: Minutes, 
with the Minutes flashing. The Display Button advances 
Minutes in the same way as previously described. If Min­
utes are advanced, the watch stops counting, all displays 
retain the numbers as set, with the exception of Seconds, 
which is reset to -00'. The last push of the Set Button 
restores normal counting from zero seconds. In this way, 
the watch may be synchronized with a time standard by 
the user. If Minutes were not advanced, the last push of 
the Set Button restores the normal Hours: Minutes display 
without altering the seconds count. 
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COORDINATES OF PADS FOR FR2222IN MICRONS 

SEG PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

83 432 714 900 1182 1368 1643 1836 2237 

1985 1985 

1978 I1J [j]] 1798 

1612 W-SEG PIN 1 SEG PIN 13 --~. 1612 

1426 ~ ~ FR2222 
1426 

108 !QI] 

- 93 X 83 MILS 

466 IVEEI 

279 ~ (SPARE S2) 

/ 
93 ~ ~ 

~ 466 

[g 279 

ffiZI 93 

O~+---r-------+---+-----~--r---~ 

83 179 938 1124 1179 2065 2251 (MICRONS) 

TO DISPLAY 
2 BP & 13 SEGMENTS LCD 

BP1 BP2 

K 1E 
1F 10 FR2222 
1G 1C 
1A 1B +V OSCIN COL 2E 
2F 2D c:::J 

2G 2C +V-j OSC OUT 

2A 2B VEE 
OFF 3E 

T C2 
CAP 

3F 3D 2 
3G 3C +vee 
3A 3B 

NOTE 
vee 

FLAG (MO-DT) OFF 
CI C2 .05 I'f TYP. e1 -1.5V+ 

SEGMENT ASSIGNMENTS 
FR2222 SYSTEM DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
Storage Temperatures 
Voltage Any Pin 

Supply Voltage (Voo - Vss) 

O°C to 70°C 
25°C to 85°C 

Voo +3VtoVss -
.3V 

2.0V 

FR2222 

ELECTRICAL SPECIFICATIONS TA = 25°C; Fosc = 32,768 KHz; Voo = 1.6 V (Unless Otherwise Indicated) 

Symbol 

Voo 

100 

VEE 

liN 

VStart 
osc. 

Parameter Min 

Power Supply Voltage 1.35 

Total Power Supply Current 

Double Output Voltage -1.15 

Switch Input Current 

Oscillator Start Voltage 1.4 

Switch Debounce 

t---<p----; OSC OUT 
32768 o HZ 

~-~~-+---~OSCIN 

C2 NOTE 1 

S1 
----iDISPLAY 

S2 
----iSET 

Typ 

1.5 

1.8 

-5 

62.5 

FR2222 

Max Unit 

1.7 Volt 

3.0 J.lA 

-1.35 Volt 

-25 J.lA 

Volt 

mS 

12 SEGMENTS 
& 

2 BACKPLANE 

CAP 
1 

Test Conditions 

Doubler connected but unloaded 

lEE = 0.5 J.lA 
Voo = 1.35 

VIN = Voo 

C3 

OUTPUTS TO 
LCD MPX 
DISPLAY 

~-------~VDD 

CAP 
2 C3 1 C4 =.05 uf typ 

+ 
1.5V (NOM) 

L--------4VSS 

NOTES 
1. C1 and C2 match chosen crystal for faster oscillator startup. C2 should be 

adjusted to minimum capacitance setting. 
2. As with all such semiconductor devices, care should be taken to insure no 

light is allowed to strike die. Predictably, light will increase 100 leakage and 
may cause malfunction. A non-transparent black coating is typically used to 
cover die and is highly recommended. 
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FR2222 STATE DIAGRAM 

FR2222 

HR: MIN 
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S2 S1 

DATE 
FLAG 

DISPLAY 
STATE 

DATE 
FLAG 

DATE 
FLAG 

S2RELEASESSECONDS IF ZEROED 
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commodore semiconductor group 

CMOS 

FR2268 
5 Function, 31h/4 Digit LCD Alarm Watch Circuit 

• Snooze Alarm-5 Minute Repeatable Reminder/Timer 
• Alarm Feature Can Be Set to Any Minute of the Day 
• Display of Hours: Minutes, Month Date or Seconds 
• 4 Year "Smart" Calendar 
• Two Button Control of All Functions 
• Simple Setting Procedures 
• Single 1.5 V Battery Operation 
• Low Power Dissipation 
• 32768 Hz Quartz Crystal Operation 

DESCRIPTION 

• Power-Up Reset 
• On-Clip Oscillator Resistors 
• High Speed Test Capability 
• Designed For Use With Industry Standard 31f2 Digit LCD 

Displays or Other LCD Displays with AM, PM, and 
Alarm Flags 

• Alarm Test (Simultaneous Switch Depression) 
• Efficient Voltage Doubler 

The FR2268 is a CMOS/LSI circuit which contains all the logic necessary to implement a five function 3 V2 /4 digit liquid 
crystal display alarm watch. This device is fabricated with low-threshold, lon-implanted CMOS metal gate technology for 
low voltage, low power operation. The circuit contains an oscillator-amplifier with an internal feedback resistor for use 
with 32768 Hz quartz crystals. The circuit operates from a single 1.5 volt battery and contains internal voltage multiplying 
circuitry that can be connected as a voltage doubler with a minimum of external components. Only two switch inputs are 
required to control all operations. These switch inputs have internal pull-down resistors and are de bounced by internal 
circuitry. 

WATCH OPERATION 
The normal display for the watch is: Hours: Minutes. 

One push and release of the -Display" button (Sl) will 
display Month and Date, for 3 seconds. If the display but­
ton is held depressed for longer than 3 seconds, Month 
Date will be replaced by: Seconds. One further depression 
of the display button will return Hours: Minutes to the 
display. 

ALARM OPERATION 
Two presses of the display button within 3 seconds will 
cause the Alarm Time (Hours: Minutes, AM or PM flag) to 
be displayed for 3 seconds. If armed, the alarm will emit 
two -beeping" sounds per second while the switch is 
depressed. 

A third push of the display button within 3 seconds will 
cause the alarm to change state from armed 'to disarmed 
or disarmed to armed. When the alarm is armed a flag 
output will also be activated. 

When the alarm is armed and the real time matches the 
alarm time, the alarm output will -beep" at 1 Hz intervals 
for 60 seconds. A single push of the display button will 
cause the alarm to enter a 5 minute -snooze" mode. The 
snooze may be repeated as many times as desired. Two 
pushes of the display button will cancel the alarm. 

It should be noted that the AM/PM state of the Alarm 
setting is easily obtained by a single depression of the set 
button. Interrogation of the Alarm time without the 
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-beeping" indication is obtainable through a double de­
pression of the Set switch. In each case the watch auto­
matically returns to the normal time display mode. 

SETTING 
Depressing the Set Button (S2) once will place the watch in 
the Alarm Hours set mode. The Alarm Hour will appear 
with an -K (AM) or -P' (PM) indication in the right most 
position. The Alarm Hours will flash and will advance with 
each depression of the -Display" button or at a 2 Hz rate if 
the button is held. The display will return to normal mode 3 
seconds after the last Set or Display input. 

Two pushes of the Set Button before the 3 second timeout 
will cause the Alarm Minutes to flash. Alarm Minutes may 
be advanced as above. The display will return to normal 3 
seconds after the last Set or Display input. 

Three pushes of the Set Button before the 3 second 
timeout will cause Month Date display with Month flash­
ing. The month is advanced with S1 as above. There is no 
automatic timeout return from this or any or the following 
three set states. 

The next push of the Set Button will cause the Date to 
flash; the Date is advanced as above. 

The next push of the Set Button causes the display of 
flashing Hours: (actual time) with an -K or -P" signifying 
AM or PM. The hour is advanced in the same way as other 
data. 
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NOTE 

The next push of the Set Button displays Hours: Minutes 
with minutes flashing. Minutes are advanced as above. If 
minutes are advanced, the seconds become '00' and hold 
until the next depression of 52 which returns the watch to 
the normal display. If minutes were not advanced, the last 
push of the Set Button places the watch in the normal 
display without altering the seconds count. 

The setting and viewing of actual time is always distinguishable from Alarm 
time by the fact that all Alarm time displays have a 3 second timeout feature 
returning the watch to normal time mode. 

FR 2 X 68 SERIES SYSTEM DIAGRAM 

~- OSCOUT 
C! I -L 32768 

Hz 
NOTE1D 

SEGMENTS 
& 

BACKPLANE 

C2 
OSCIN 

ALl 
ALARM FR2X68 PIEZO CJ 
NOTE 2 L 120 X 134 MI LS 

AL2 
S1 

DISPLAY 
S2 

SET 

VDD 

+ 
1.5V (NOM) 

'----------1 VSS 

NOTES 
1. C1 and C2 match chosen crystal. Forfaster oscillator startup, C2 should be 

adjusted to minimum capacitance setting 
2. For louder alarm output the following circuit may be used to drive a 

ceramic resonator or magnetic speaker. Note frequency of alarm is 4 KHz 

AL1HpN"\ JVIO~O ~8 VOO 
\ DR mh D 
\ typ 

\ 
VSS - --. 

3. Recommended commodore LCD displays: 
FR2268 5017, 5018 FR2368 5038 FR2568 5015, 5040, 5055 

4. As with all semiconductor devices, care should be taken to insure that no 
light is allowed to strike the die. Predictably, light will increase IoD leakage 
and may cause malfunction. A non-transparent black coating is typically 
used and is recommended. 
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FR 2 x 68 PINOUTS 
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commodore semiconductor group 

CMOS 

FR2668 
LCD Watch Circuit 

• Display of Hours: Minutes-Seconds or 
Month-Date-Day 

• 4 Year "Smart" Calendar 
• Two Button Control of All Functions 
• Simple Setting Procedures 
• Single 1.5 V Battery Operation 
• Low Power Dissipation 

DESCRIPTION 

• 32,768 Hz Quartz Crystal Operation 
• Power-Up Reset 
• On-Chip Oscillator Resistors 
• High Speed Test Capability 
• Designed For Use with Industry Standard 5 Y2 Digit 

LCD Displays 

The FR2668 is a CMOS/LSI circuit which contains all the logic necessary to implement a six function, 51/2 digit liquid crystal 
display watch. This device is fabricated with low threshold, Ion implanted CMOS metal-gate technology for low voltage, 
low power operation. The circuit contains an oscillator-amplifier with an internal feedback resistor for use with 32,768 Hz 
quartz crystals. All die operate from a single 1.5 volt battery and contain internal voltage doubler circuitry which operate 
with a minimum of external components. Only two switch inputs are required to control all operations. These switch 
inputs have internal pull-down resistors and are debounced by internal circuitry. 

TIME AND DISPLAY SETTING 
The normal display for the watch is: Hours, Minutes, Sec­
onds. One push of the 'Display- button will display Month, 
Date, Day for 3 seconds before returning the watch to 
normal display. 

Depressing the 'Set- Button will place the watch in the 
month set mode. Month, Date and Day will be display 
with Month flashing. The month will advance with each 
depression of the 'Display- Button at a 2 Hz rate if the 
'Display- button is held. 

The next push of the 'Set- button causes the date to flash. 
The date is advanced in the same manner as the month. 

The next push of the 'Set- Button causes the day of the 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
Storage Temperature 
Voltage Any Pin 

Supply Voltage (V DD - V ss) 

O°C to 70°C 
25°C to 85°C 
VDD + .3 V to 

Vss - .3 V 
2.0 V 
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week to flash. The day of the week is advanced in the 
same manner as the month. 

The next push of the 'Set- Button displays Hours, Minutes 
with an 'K or 'P- signifying AM or PM. The hour is ad­
vanced in the same way as the month. 

The next push of the 'Set- button displays Hours, Minutes 
with seconds counting and Minutes flashing. The 'Display­
button advances the minutes in the same way as the 
month. If minutes are advanced, the seconds become '00-
and hold until the last push of the 'Set- button which 
returns the watch to the normal time of day display with 
seconds starting at the push of the 'Set- button. If minutes 
were not advanced, the last push of the 'Set- button 
places the watch in the time of day display without altering 
the seconds count. 
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Electrical Specifications T A = 25°C; Fosc = 32,768 KHz; Voo = 1.6 V (Unless otherwise indicated) 

Symbol Parameter Min Typ 

Voo Power Supply Voltage 1.35 1.5 

100 Power Supply Current 1.5 
Voo = 1.6 V 

VEE Doubler Output Voltage -1.3 

liN Switch Input Current -5 
('Display' or 'Sen 

VStart Oscillator Start Voltage 1.3 
osc. 

Switch Debounce 62.5 

FR2668 SYSTEM 

r-----1>-----\ OSC OUT 
32768 

D HZ 

+---::::I---t'=---4-----t OSC IN 
C2 

FR2X68 

Max Unit 

1.7 Volt-

3 

-25 

SEGMENTS 
& 

BACKPLANE 

p,A 

Volt 

p,A 

Volt 

mS 

120 x 134 MILS· 
CAP 

1 
S1 

DISPLAY 

S2 
SET CAP 

Test Conditions 

Doubler Connected but unloaded 

lEE = lilA Voo = 1.5 V 

VIN = Voo 

C3 

OUTPUTS TO 
LCD 

DISPLAY 

2 
C31 C4 = .02 Uf typo 

VDD 
+ VEE 

1.5V (NOM) 

'----------;VSS 

NOTES 
L C, and C2 Match Chosen Crystal. 
2. Care should be taken to insure that no light is allowed to strike die. Light wll 

increase 100 and may cause malfunction. A non-transparent black coating 
is typically used and recommended. 
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PINOUT DIAGRAM 
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commodore semiconductor group 

CMOS 

FR2368 
6 Function, 3Y2/4 Digit LCD Alarm Watch Circuit 

With Day Flags 
• Snooze Alarm-5 Minute Repeatable Reminder/Timer • 32768 Hz Quartz Crystal Operation 
• Alarm Feature Can Be Set to Any Minute of the Day • Power-Up Reset 
• Display of Hours: Minutes, Day, Month-Date Day, or • On-Chip Oscillator Resistors 

Seconds and Day • High Speed Test Capability 
• 4 Year "Smart" Calendar • Alarm Test (Simultaneous Switch Depression) 
• Two Button Control of All Functions • Efficient Voltage Doubler 
• Simple Setting Procedures • Day Flags 
• Single 1.5 V Battery Operation • PM Flag 
• Low Power Dissipation 

DESCRIPTION 

The FR2368 is a CMOS/LSI circuit which contains all the logic necessary to implement a six function 3 V2/4 digit liquid 
crystal display alarm watch. This device is fabricated with low-threshold, lon-implanted CMOS metal gate technology for 
low voltage, low power operation. The circuit contains an oscillator-amplifier with an internal feedback resistor for use 
with 32768 Hz quartz crystals. The circuit operates from a single 1.5 volt battery and contains internal voltage multiplying 
circuitry that can be connected as a voltage doubler with a minimum of external components. Only two switch inputs are 
required to control all operations. These switch inputs have internal pull-down resistors and are debounced by internal 
circuitry. 

WATCH OPERATION 
The normal display for the watch is: Hours: Minutes Day. 
Note that the day of week is indicated by the use of 7 flag 
outputs which are on, unless representing the particular 
day of the week in which case that flag turns off, allowing 
printed day of week to be visible. 

One push and release of the 'Display- button (S1) will 
display Month Date and Day for 3 seconds. If the display 
button is held depressed for longer than 3 seconds, Month 
Date will be replaced by: Seconds. One further depression 
of the display button will return Hours: Minutes and Day to 
the display. The Day flag and PM flags are always active. 

ALARM OPERATION 
Two presses of the display button within 3 seconds will 
cause the Alarm Time (Hours: Minutes) to be displayed for 
3 seconds. If armed, the alarm will emit two 'beeping­
sounds per second while the switch is depressed. 

A third push of the display button within 3 seconds will 
cause the alarm to change state from armed to disarmed 
or disarmed to armed. When the alarm is armed a flag 
output will also be activated. 

When the alarm is armed and the real time matches the 
alarm time, the alarm output will 'beep- at 1 Hz intervals 
for 60 seconds. A single push of the display button will 
cause the alarm to enter a 5 minute 'snooze- mode. The 
snooze may be repeated as many times as desired. Two 
pushes of the display button will cancel the alarm. 
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It should be noted that the AM/PM state of the Alarm 
setting is easily obtained by a single depression of the set 
button. Interrogation of the Alarm time without the 
'beeping- indication is obtainable through a double de­
pression of the Set switch which will also provide PM 
information if a flag is available on the display. In each case 
the watch automatically returns to the normal time display 
mode. 

SETTING 
Depressing the Set Button (S2) once will place the watch in 
the Alarm Hours set mode. The Alarm Hour will appear 
with an 'A- (AM) or 'P- (PM) indication in the right most 
position. The Alarm Hours will flash and will advance with 
each depression of the 'Display' button or at a 2 Hz rate if 
the button is held. The display will return to normal mode 
3 seconds after the last Set or Display input. 

Two pushes of the Set Button before the 3 second timeout 
will cause the Alarm Minutes to flash. Alarm Minutes may 
be advanced as above. The display will return to normal 
3 seconds after the last Set or Display input. 

Three pushes of the Set Button before the 3 second 
timeout will cause Month Date Day display with Month 
flashing. The month is advanced with S 1 as above. There is 
no automatic timeout return from this or any of the follow­
ing three set states. 

The next push of the Set Button will cause the Date to 
flash; the Date is advanced as above. 
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The next push of the Set Button causes the display of 
flashing Day Flag. The Day is advanced from one flag to 
the next by depressions of the Display button. The next 
push of the Set Button causes the display of flashing Hours: 
(actual time) with an "K or "P' signifying AM or PM. The 
hour is advanced in the same way as other data. 

minutes are advanced, the seconds become "ocr and hold 
until the next depression of S2 which returns the watch to 
the normal display. If minutes were not advanced, the last 
push of the Set Button places the watch in the normal 
display without altering the seconds count. 

NOTE 

The next push of the Set Button displays Hours: Minutes 
with minutes flashing. Minutes are advanced as above. If 

The setting and viewing of actual time is always distinguishable from Alarm 

time by the fact that all Alarm time displays have a 3 second timeout feature 
returning the watch to normal time mode. 

FR2368 STATE DIAGRAM 
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4. In normal mode 5'1 controls states 
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which is OFF. 

II£] 

ISUNI 

IMONI 

ITUEI 

IWEDI 
CLEAR FOR 
WEDNESDAY 

ITHUI 

!lill 
L ________ ...... "' _______ --+, • I SAT I 

3-22 



FR2368 

FRONTIER FR2X68 SERIES SYSTEM DIAGRAM 

f--~~----1 OSC OUT 
32768 

OHZ 

OSCIN 
C2 

AL1 
ALARM 
PIEZO FR2X68 

SEGMENTS 
& 

BACKPLANE 

OUTPUTS TO 
LCD 

DISPLAY 

NOTE 3 

c=J 
NOTE 2 

120 x 134 MILS 
AL2 

S1 CAP 11---~ 
DISPLAY 

S2 
C3 

SET CAP2 

VDD 
C3 1C4 = 02 uf typo 

+ VEE 
1.5V (NOM) 

C4 
VSS T 

VDD 
NOTES 
1. C1 and C2 Match chosen. Crystal. For faster oscillator startup C2 should be 

adjusted to minimum capacitance setting. 
2. For louder alarm output the following circuit may be used to drive a 

ceramic resonator or magnetic speaker. Note frequency of alarm is 4 KHz. 
3. Recommended commodore LCD displays: 

H,~ VDD aVDD 

AL1 NPN \ J Ii::] OR ~~ 0 
\ typ 

---------0--
vss 

FR2268 5017.5018 FR2368 5038 FR2568 5015.5040,5050. 
4. As with all semiconductor devices, care should be taken to insure that no 

light is allowed to strike the die. Predictably light will increase IoD leakage 
and may cause malfunction. A non-transparent black coating is typically 
used and is recommended. 

FR2X68 ALARM OUTPUT NOTE 
The FR2X68 series CMOS includes a number of alarm 
models which operate in an identical manner. All such die 
have been designed to drive typical piezo transducers 
directly from the chip. The basic circuit is shown in 
Figure 1. 

It should be noted that ultimate loudness is, to a great 
extent, dependent upon such factors as appropriate 
mounting of the piezo, resonant frequency and other 
acoustic factors. 

For applications requiring a significantly louder alarm, the 
circuit in Figure 2 has been used to amplify the voltage 
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applied to the piezo. For best results, AL 1 should be used 
to drive the NPN. This transistor should have a high collec­
tor-base breakdown voltage (e.g. 25 - 30 V) such as 
2SC1623. 

Figure 3 illustrates the use of a similar NPN transistor as a 
voltage clamping device to suppress externally generated 
voltage spikes from a piezo. Note that such spikes, when 
great enough in amplitude, may be able to overcome the 
chip protection circuity and possibly cause loss of data. 
The above circuit should not be needed in most cases, 
however if a very high degree of shock immunity is re­
quired, it has been effective in direct drive applications. 



Direct Drive 

AL1 1-----, 

2X68 D 

AL2 r-----' 

Figure 1 

Shock Protection 

ALl I---~------, 

2X68 

AL2r--~----~ 

f 
Figure 3 

FR2368 

Loud Driven 

AL1 

2X68 

Figure 2 
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FR 2 X 68 PINOUTS 

M en II) N co ~ 0 ,.... M en re N co 0 
,.... M ~ II) 0 .. o <D .. .. N M M II) II) <D <D co co en .. .. .. .... 

000 0 0 0000 o 0 00000000 0 0 
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DISPLAY S1 0 19 

24 o BP 

ALARM FLAG 0 43 

VOO 0 49 
48 o OSCOUT 

SETS2 0 55 
55 o VEE 

FR2X68 MR 0 61 
61 o OSC IN 

120X134 MILS vss 0 67 
67 o ALARM OUT1 

73 o ALARM OUT2 

80 ' o CAP1 

86 o CAP2 

92 o BP BP 0 98 

99 OK TEST 0 107 
03 

E2 02 C2COLE3 A3 C3 E404 C4 17 16 15 14 13 12 11 10 9 
114 0000000000000 0 o 0 o 0 0 

oot 0 <D M en II) co oot o ,.... N co oot 
in !2 en ~ 0 0 .. .. ,.... .... N N M M oot II) <D ,.... ,.... co .. 

PIN 
FR FR FR FR 

2068 2268 2368 2468 

1 G5 - MON -
2 F5 - SUN 5TH-10 
3 H5 - - -
4 AS - TUE 6TH-10 
5 B5 - WED 1ST-10 
6 F6 - - -
7 A6 - - -
8 B6 AM - -
9 G6 PM - -

10 C6 - - -
11 J6 - PM -
12 D6 - - -
13 E6 - - -
14 C5 - SAT 2ND-10 
15 D5 - FRI 3RD-10 
16 J5 - - -
17 E5 - THUR 4TH-10 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
Storage Temperatures 
Voltage Any Pin 

Supply Voltage (Voo - Vss) 

0° to 70°C 
25°C to 85°C 
Voo + 3 V to 

Vss - .3 V 
2.0V 

FR2368 

ELECTRICAL SPECIFICATIONS T A = 25°C; Fosc = 32)68 KHz; Voo = 1.6 V (Unless Otherwise Indicated) 

Symbol Parameter Min Typ Max Unit Test Conditions 

Voo Power Supply Voltage 1.35 1.5 1.7 Volt 

100 Power Supply Current 1.5 3.0 J.LA Doubler connected but unloaded 

VEE Doubler Output Voltage -1.4 Volt lEE = 1 J.LA 
(See Note) Voo = 1.5 

liN Switch Input Current -2 -25 J.LA VIN = Voo 

VStart Oscillator Start Voltage 1.4 Volt 
osc. 

Switch Debounce 62.5 mS 

Alarm Output Resistance 1.0 KQ VEE = 1.4 
V Alarm - Vsupply = 0.5 V 

Avg. Alarm-On 100 100 J.LA 

Segment Output Current 1.0 J.LA VEE = -1.4 
(Source or Sink) 1.0 Vseg - Vsupply = 0.2 V 
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LCD 

LIQUID CRYSTAL DISPLAYS 
Commodore offers a wide variety of standard liquid crys­
tal displays for both mens and ladies watches. Superior 
surface technology employing low tilt angles, uniform LC 
thickness, and fast response times make these the most 
readable displays on the market today. Either direct drive 
or multiplexed, these displays are compatible with low 
voltage output CMOS with a peak voltage of 2.7 and as 
low as 1.5. Drive circuitry of this type is available from 
Commodore's Frontier division. 

Commodore also offers LC displays for calculators, instru­
ments, and a variety of custom applications. Our proto­
type facilities can take a customer's concept from spec 
sheet to finished displays in a matter of days. 

Please contact the factory for details. 

ENVIRONMENTAL SPECIFICATIONS 

Test Condition 

Temperature Cycle 10 cycles of 15 minute extremes at O°C and 60 a C in air with 
15 seconds maximum transition time 

Temperature Storage with polarizer - no bias 1 50 a C for 96 hours including polarizer 
Temperature Storage without polarizer - no bias 1000 hours at 60a C-1ooo hours at -20a C (operating current not 

to change by more than 50%) 
UV Exposure 500 hours direct sunlight at 25°C (operating current not to change 

by more than 50%) 

NOTE 
1. Storage for extended periods or at higher temperatures may cause polar­

izer degradation. 

OPERATING CHARACTERISTICS 

Parameter 

Operating Voltage 
Operating Frequency Range 
Drive Current at 3 V - All Segments 
Segment Capacitance 
Response Times: t on 

t off 
Operating Temperature 
Storage Temperature 
Viewing Angle 
Contrast Ratio (On Axis) 
Life Time 

NOTE 
Unless otherwise specified T A = 25°C and test voltages are 32 Hz square 
wave, 3.0 VAC. 

Min 

2.5 
25.0 

-10.0 
-20.0 
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Typ Max Units 

3.0 6.0 Volts 
32.0 500 Hz 
350 800 nA 

15 pF 
100 130 MSEC 
200 210 MSEC 

58 ac 
70 ac 

45 Degrees 
20:1 

50000 Hours 



Rev 01 

commodore semiconductor group 

LCD 

DISPLAY AND CHIP GUIDE FOR COMMODORE OPTOELECTRONICS AND FRONTIER 

2368 
2222 226812080 31f2 Digit 

31f2 Digit- 2268 31f2 Digit With *206812568 
2204 Biplex. 31f2 Digit With Alarm & 2668 51f2 Digit 

Basic 31f2 Month/ With Melody Days of Basic With 
or 4 Digit Date Flags Alarm Alarm Week 6 Digit Alarm 

PEN 
320 x 550 5075 

LADIES' 
.354 x .590 5004 5060 5017 

.488 x .618 5077 5067 5065 
5063 

.389 x .530 5053 

UNISEX 
.454 x .690 5007 5076 5036 5042 

MEN'S 
.520 x .805 5012 5061 5018 5038 

.454 x .827 5014 

.452 x .941 5015 5015 

.637 x .806 5064 5047 5050 

.410 x .862 5078 
5052 

.555 x .941 
*2068 Alarm Frequency = 2 kHz; 2568 Alarm Frequency = 4 kHz 
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*256812080 
51f2 Digit 2069 

With 6 Digit 
Melody With 
Alarm Chrono 

5059 5051 

5066 5049 

5056 



commodore semiconductor group 

LCD 

Model 5004 Ladies 31f2 Digit Display 
Outside Dimensions .354 (8,99) x .590 (14,98) 
Digit Height .152 (3,86) 

. 034 R.~ 
(0,86) ""-

NOTE 

.015 
(0,38) 
MAX. 

7· 

1----.518(13,15)-----1 
MIN. VIEWING AREA 

.590(l4,98)------..l 

Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: xxx = ± .005 (0,12) 

Pin Schedule 
1 Backplane 7 Seg E2 
2 Half Digit 8 Seg D2 
3 Seg E1 9 Seg C2 
4 Seg D1 10 Seg E3 
5 Seg C1 11 Seg D3 
6 Colon 12 Seg C3 

13 
14 
15 
16 
17 
18 

4-3 

.224 (5,68) 
MIN. VIEWING 

. AREA 

Seg B3 
Seg A3 
Seg F3 
Seg G3 
Seg B2 
Seg A2 

l i,008 (0,20) MAX. 

1~[010(0'25) MAX . 

I 

19 
20 
21 
22 
23 
24 

.276 
(7,01) 

Seg F2 
Seg G2 
Seg B1 
Seg A1 
Seg F1 
Seg G1 



commodore semiconductor group 

LCD 

Model5007 Unisex 31h Digit Display 
Outside Dimensions .454 (11,53) x .690 (17,52) 
Digit Height .165 (4,19) 

.059 R.-"" 
(1,49) "" 

r T .454 
(11,53) .250 l 6,35) 

MAX. 

L 

, 
I 
I 
I 
I 
I 
I 
I 
I 
\ 

',-

"T 7· 

. 618 (15,6 9) ---------1 
MIN. VIEWING AREA 

.015 f-----.690(17,52) 

NOTE 
Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .005 (0.12) 

Pin Schedule 
1 Backplane 7 Seg E2 
2 Half Digit 8 Seg D2 
3 Seg E1 9 Seg C2 
4 Seg D1 10 Seg E3 
5 Seg C1 11 Seg D3 
6 Colon 12 Seg C3 

4-4 

~.036(O,91) 

I 

13 Seg B3 
14 Seg A3 
15 Seg F3 
16 Seg G3 
17 Seg B2 
18 Seg A2 

.302(7,67) 
MIN. VIEWING 

AREA 

19 
20 
21 
22 
23 
24 

.354 
(8,99) 

Seg F2 
Seg G2 
Seg B1 
Seg A1 
Seg F1 
Seg G1 



commodore semiconductor group 

LCD 

Model 5010 Men's 6 Digit Watch Display 
Outside Dimensions .452 (11,48) x .941 (23,90) 
Digit Height .180 (4,57) 

.135 (3,43) 

, , 
.L ____ -+-.,.' 

1------ .767 (19.481 

.044 
(I,ll) 

1--------.853(21,671 -------'"" 
MIN.VIEWING AREA 

1--------.941 (23,90) -----------1 

NOTE 
Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ±.OOS (0,12) 

Pin Schedule 
1 Seg E1 13 Seg C4 
2 Seg D1, A1 14 Seg E5 
3 Seg C1 15 SegJ5 
4 Seg E2 16 Seg D5 
5 Seg D2 17 ~eg C5 
6 Seg C2 18 Seg E6 
7 Colon 19 Seg D6 
8 Seg E3 20 Seg L6 
9 Seg A3, D3 21 Seg C6 

10 Seg C3 22 Seg G6 
11 Seg E4 23 Backplane 
12 Seg D4 24 Bar 

25 Seg B6 
26 Seg A6 
27 Seg F6 
28 Seg B6 
29 Seg A5 
30 Seg H5 
31 Seg F5 
32 Seg G5 
33 Seg B4 
34 Seg A4 
35 Seg F4 
36 Seg G4 

4-5 

.200 
(5,081 
MAX. 

.015 (0,38 I 

MAX. 

.374 
(9,50) 

J 
I .039 (0,99) 

Jl-=~'OO' (O,71'0.oc,,) 

~ .OII!:.o02 (o.2.7~ 0.00 .5) 

OR 
.020"CXJ5 (0,50' QOO') 

37 Seg B3 
38 Seg F3 
39 Seg G3 
40 Seg B2 
41 Seg A2 
42 Seg F2 
43 Seg G2 
44 Seg B1 
45 Seg F1 
46 Seg G1 



commodore semiconductor group 

LCD 

Model5012 Men's 3V:z Digit Watch Display 
Outside Dimensions .520 (7,62) x .805 (20,45) 
Digit Height .180 (4,57) 

.520 300 
(7.62) (7.62) 

NOTE 

MAX 

.015 
(0,38) 
MAX. 

Lb' L Li 
(2.54) 

.536(13,61) ------I 

715(18,16) -------1 
MIN VIEWING AREA 

r-----. 805 (20,45) 

Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ±.OOS (0.12) 

Pin Schedule 
1 Backplane 7 Seg E2 
2 Half Digit 8 Seg D2 
3 Seg E1 9 Seg C2 
4 Seg D1 10 Seg E3 
5 Seg C1 11 Seg D3 
6 Colon 12 Seg C3 

13 
14 
15 
16 
17 
18 

068(1,731 

T 
.180 
(4.571 

.362 MIN I'EWING 
(9.191 ·.REA 

.045(1,14) 

Seg B3 
Seg A3 
Seg F3 
Seg G3 
Seg B2 
Seg A2 

li 008(0.20IMAX 

l-JrOI0(0.25IMAX 

,I I 

19 
20 
21 
22 
23 
24 

----, 

.420 
(10.671 

Seg F2 
Seg G2 
Seg B1 
Seg A1 
Seg F1 
Seg G1 



commodore semiconductor group 

LCD 

Model 5014 Men's 6 Digit Watch Display 
Outside Dimensions .454 (11,53) x ,827 (21,0) 
Digit Height ,180 (4,5) 

,120 (3,05) 

-1t;=,OI510,38) PADS 

~-III- 020(0,51) SPACES 

~I .~::::) .785 (19,94) -----111021(0'5) 

02310,58) TYP 018 
(0,4) 

.034 
(0,86) 

0045 
(0,11) 

070 
(1,8) 

663 (16,84) -------j 

.759 (19,271 
MIN. VIEWING AREA 

1------ .827 (21,0) ---------j 

NOTE 
Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .005 (0,12) 

Pin Schedule 
1 Seg El 13 Seg C4 
2 Seg Dl, Al 14 Seg ES 
3 Seg Cl 15 Seg 15 
4 Seg E2 16 Seg DS 
5 SegD2 17 SegCS 
6 Seg C2 18 Seg E6 
7 Colon 19 Seg D6 
8 Seg E3 20 Seg l6 
9 Seg A3, D3 21 SegC6 

10 SegC3 22 SegG6 
11 Seg E4 23 Backplane 
12 Seg D4 24 Bar 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

4-7 

-015 MAX 
(0,38) 

Seg B6 
Seg A6 
Seg F6 
Seg BS 
Seg AS 
Seg HS 
Seg FS 
Seg GS 
Seg B4 
SegA4 
Seg F4 
Seg G4 

l~r :,:' ,~;'::,,, 
I 

354 
(8,99) 

J 
I .050(1,27) 

j -:1o• 

1 (O,11J. 0,007) 

~ OI,~.o02 (0,2710,005) 

OR 
,020'·00. (0,50'0,007 ) 

37 Seg B3 
38 Seg F3 
39 SegG3 
40 Seg B2 
41 Seg A2 
42 Seg F2 
43 Seg G2 
44 Seg Bl 
45 Seg Fl 
46 Seg Gl 



commodore semiconductor group 

LCD 

Model 5015 Men's 6 Digit Watch Display With Alarm 
Outside Dimensions .452 (11,48) x .941 (23,90) 
Digit Height .180 (4,57) 

.135 (3,43) 

~
0197 PADS a SPACES «(),50) 

I 1 r.,27 (069) 886 (22,SO) 
"\ j--.,27 (0.69) 

020 I 054 R 
(i,27) .~ I r·028 (0.71) lrusil I , 

! 
2 MIN • 

.313(7.95) r 

Ll! 
. 4 

(II 

,L~ I I , I II' I I I ' , I I II/I r. I I I I , I , I ,111: : 1/ ~ l : I I I I I , , 1'4 

", ~~_LL-tl~ ~~~'=-~-~ll~~~~~'='~~~~~~~,J~~~~~-~~~LLL-
" II 1/ II " : -DI I 

-!-~uaouaua H: i-- -----r 
: 01J@ ourffJI,1 .I3S 

3,43) 

._!]~c I 2 I 0 z:~\ q ,0. Up. r~)-_J 
-h----T------------i\ ---- ------I---r-( I 
TI~""'TT T T",rrr r,.!r-I"-""T T"r-r-r\", !T,rr-ro""TT n""';'T'r2"T 
ill: 1 I I I I It: ' l :/' I : I : : : ' : : : t\1 : : I I I : I I 'II I : : I tIl I 131 

.0045~\-- J ja:V ~.IOO ~ (0.11) 
.081 

(2,54) (2.06) 

I 
.20 o 

8) (S,O 

1 

NOTES: .767(19,48) 

(1?:)65-
.848(12.54) 

UDIM.IN PARENTI£SES ARE IN MILLiMETERS. 
NCE UNLESS SPECIFIED,XXX ".OOS 2.)TOLERA 

MIN. VIEWING AREA 
(0.13) 

.941 (23,90) '--- .015 (0.38) M AX. 

NOTE 
Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .005 (0,12) 

Pin Scheduie 
1 Seg E1 13 SegC4 25 Seg B6 37 Seg B3 
2 Seg D1, A1 14 Seg Es 26 Seg A6 38 Seg F3 
3 Seg C1 15 Seg 15 27 Seg F6 39 Seg G3 
4 Seg E2 16 Seg Ds 28 Seg Bs 40 Seg B2 
5 Seg D2 17 SegCs 29 Seg AS 41 Seg A2 
6 Seg C2 18 Seg E6 30 Seg Hs 42 Seg F2 
7 Colon 19 Seg D6 31 Seg Fs 43 Seg G2 
8 Seg E3 20 Seg L6 32 SegGs 44 Seg B1 
9 Seg A3, D3 21 SegC6 33 Seg B4 45 Seg F1 

10 Seg C3 22 Seg (;6 34 SegA4 46 Seg G1 
11 Seg E4 23 Backplane 35 Seg F4 
12 Seg D4 24 Alarm 36 SegG4 

4-8 



commodore semiconductor group 

LCD 

Model5017 Ladies 31h Digit Watch Display With Alarm 
and PM Flags 
Outside Dimensions .354 (8,99) x .590 (14,99) 
Digit Height .152 (3,86) 

.354 

(8,99) 

.150 

'Jf~. 
.L-. 

.518 (13,15) 
MIN. VIEWING AREA 

.015 .590 (14,98) 
MAX. 

( 0,38) 

NOTE 
Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .005 (0,12) 

Pin Schedule 
1 Backplane 8 Seg D2 
2 Half Digit 9 SegC2 
3 Seg E1 10 Seg E3 
4 Seg D1 11 Seg D3 
5 Seg C1 12 SegC3 
6 Colon 13 PM 
7 Seg E2 14 Alarm 

(1,471 
r.058 MIN. 

15 
16 
17 
18 
19 
20 
21 

4-9 

Seg B3 
SegA3 
Seg F3 
Seg G3 
Seg B2 
Seg A2 
Seg F2 

TOO .. AA'''. T""·" ".,,' 
I 

.276 

(7,01) 

J 
.039 (0,99) 

i""'''~ ,."'-, ~ .Ollt .•• 2 (O,27'~.O.) 
OR 

.020* .ooS(O,llOto.OOT 1 

22 Seg G2 
23 Seg B1 
24 Seg A1 
25 Seg F1 
26 Seg G1 



commodore semiconductor group 

LCD 

Model5018 Men's 3% Digit Display With Alarm/PM 
Outside Dimensions .520 (13,20) x .805 (20,44) 
Digit Height .180 (4,57) 

1078 ,650(16,51) ~ 
1,98) 

, .026(0,66) PADS e. SPACES 

.030 R.---.. .0025(0,006) 
(0,76) "-

~ 
.520 I 
(13,20) .300 

(7,62) 
MAX. 

I JllL:llLIJlllLL~l __ 

.180 
(4,57) ~S:@~~ 

K 1 2 3 --+1-+----'-
I 

.362 
(9,19 ) 

MIN.VlEW­
ING AREA 

L 
- - - - - - -..",' -t----------'--

.015 (3,81) 
MAX. 

NOTE 

\------.566(14,31) ------11----1 

I-----M-IN.·U€~~~)A-R-E-A---------I 

1--------.805(20,44) --------i 

Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .005 (0,12) 

Pin Schedule 
1 Backplane 8 Seg D2 15 
2 Half Digit 9 Seg C2 16 
3 Seg El 10 Seg E3 17 
4 Seg Dl 11 Seg D3 18 
5 Seg Cl 12 Seg C3 19 
6 Colon 13 PM 20 
7 Seg E2 14 Alarm 21 

4-10 

.119(3,02) 

.045(1,14) 

Seg B3 
Seg A3 
Seg F3 
Seg G3 
Seg 82 
Seg A2 
Seg F2 

.420(10,61) 

J 
I ,050(1,21) 

22 Seg G2 
23 Seg Bl 
24 Seg Al 
25 Seg Fl 
26 Seg Gl 



commodore semiconductor group 

LCD 

Model 5038 Men's 31h Digit Watch Display With 
Alarm, PM, and Day Flags 
Outside Dimensions .520 (13,21) x .805 (20,44) 
Digit Height .180 (4,57) 

1·080 t-----~. 46 (16,411 
(2,03) 

~
.022(0,56)PADS 

(6~1~) 1 r-.OI7(Q,43) SPACES 
i~}·6~R.~ I 
~ ~'I'II I r-, _...J'!LI..1.U.u 

.520 I 
(13,21) .300 

(7,62) 
MAX. 

L 

.083 _ 
(2.11) 

7° 

1------.631 (16,03,}------_ ... 1 

.015 (0,38) 
MAX. 

NOTE 

1----:-:M::-:IN:~~~~)A::Rc::E-:-A--------I 

1--------.805(20,44) -------oi 

Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .005 (0,12) 

Pin Schedule 
1 Backplane 10 Seg E3 19 
2 Half Digit 11 Seg D3 20 
3 Seg E1 12 Seg C3 21 
4 Seg D1 13 PM 22 
5 Seg C1 14 Thursday 23 
6 Colon 15 Friday 24 
7 Seg E2 16 Saturday 25 
8 SegD2 17 (Blank) 26 
9 SegC2 18 Wednesday 

4-11 

.043 
11,09) 

.089(2,26 ) 

.045(1,14) 
2 P1.CS 

Tuesday 
Sunday 
Monday 
Alarm 
Seg B3 
Seg A3 
Seg F3 
SegG3 

.319 
(8,10) 

lr-:008 (0.20)MAX' 

I ~rOI0(o.25)MAX' 

.362 
(9,19 1 

MIN.VlEW­
ING AREA 

I 
.420110,17) 

J 
I .050(~271 

JJ ~,~~" '¥~ ~.02B"QO' (0,71"0,0'., 

27 Seg B2 
28 SegA2 
29 Seg F2 
30 Seg G2 
31 Seg B1 
32 Seg A1 
33 Seg F1 
34 SegG1 



commodore semiconductor group 

LCD 

Model 5039 Men's 6 Digit "Super Chrono" Watch Dis­
play With Chrono, Run, Auto Range and Lap Flags 
Outside Dimensions .452 (11,48) x .941 (23,90) 
Digit Height .180 (4,57) 

.120 (8,05) 

. 0255l 1--------.890 (22,611--------1 
(0,65) 

NOTE 

.054 R 
(1,27) 

Dimensions in Parentheses are Millimeters. 

.090 
(2,3) 

.0045 
(0,1) 

.786 (19.96) 

.853(21,67) 
MIN. VIEWING AREA 

,941 (23,90) 

Tolerance unless Specified: XXX = ± .005 (0,12) 

Pin Schedule 
1 Seg E1 14 Seg Es 
2 Seg 01, A1 15 Seg IS 
3 Seg C1 16 Seg 05 
4 Seg E2 17 Seg Cs 
5 Seg 02 18 Seg E6 
6 Seg C2 19 Seg 06 
7 Colon 20 Seg L6 
8 Seg E3 21 Seg C6 
9 Seg A3, 03 22 Seg G6 

10 Seg C3 23 Backplane 
11 Seg E4 24 (Blank) 
12 Seg 04 25 (Blank) 
13 Seg C4 26 (Blank) 

4-12 

27 Chrono 
28 Run 
29 Auto Range 
30 Lap 
31 5eg B6 
32 Seg A6 
33 Seg F6 
34 Seg B5 
35 Seg AS 
36 Seg H5 
37 Seg F5 
38 Seg G5 
39 Seg B4 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

,008 MAX .. 
(0,20) 

Seg A4 
Seg F4 
Seg G4 
Seg B3 
Seg F3 
Seg G3 
Seg B2 
Seg A2 
Seg F2 
Seg G2 
Seg B1 
Seg F1 
Seg G1 



commodore semiconductor group 

LCD 

Model5040 Ladies 6 Digit Multipurpose Watch Display 
With Alarm, PM, and Date Flags. 
Outside Dimensions .488 (12,4 x .618 (15,7) 
Digit Height .141 (3,6) 

030 R 
(0,76) 

.102 (2,6) 

,-------1---" .... - - - - - - - - - - -

.339 (8,6 I) ,024 
MIN. VIEWING (0,61) 

AREA 

l_-+--,+ 

,063 
(1,60) 

.024 
(0,61) 
TYP 

1-----.481 (12,22) -------I 

1------,532 (13,51) ------t 
MIN. VIEWING AREA 

1-------.618 (15,7) 

NOTE 
Dimensions in Parentheses are Millimeters. 
Tolerance unless Specified: XXX = ± .004 (0,10) 

Pin Schedule 
1 Seg E1 13 Seg C4 
2 Seg D1, G1, A1 14 Seg Es 
3 Seg C1 15 SegJs 
4 Seg E2 16 Seg Ds 
5 Seg D2 17 Seg Cs 
6 Seg C2 18 Seg E6 
7 Colon 19 Seg D6 
8 Seg E3 20 Seg L6 
9 Seg A3, D3 21 Seg C6 

10 Seg C3 22 Seg G6 
11 Seg E4 23 Backplane 
12 Seg D4 24 Seg B6 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

4-13 

.023 (0,6) 
MAX 

Seg A6 
Seg F6 
Seg Bs 
Seg AS 
Seg Hs 
Seg Fs 
Seg Gs 
Seg B4 
SegA4 
Seg F4 
Seg G4 
Seg B3 

,008 MAX -h (0,20) 

J 
.010 MAX. 
(0,25) 

.417 
(Kl,6) 

u r:0355 (0,90) 

.020',003 
(0.50'0.007) 

±.003 

(~.~g. 0 .007) 

37 Seg F3 
38 Date 
39 Seg G3 
40 Alarm 
41 Seg B2 
42 Seg A2 
43 Seg F2 
44 Seg G2 
45 Seg B1 
46 PM 



commodore semiconductor group 

LCD 

Model5047 Men's 3V:z Digit Direct Drive Watch Display With Days of Week, Alarm, and PM Flags 
Outside Dimensions .637 (16,18) x .806 (20,47) 
Digit Height .200 (5,08) 

r.l 75 (4,45) 1ft~~~(~'318) r032 .~4~~C~4' -I ri.I~~1 
017(04,) I (0.811 .0575(I,4EI 1 - 2PLC 

. 050R. . SPACES - 6 PLCS. 

(1.27)··~ "., ••.• ,. ,.1"" ""'" "" "I~'I' I -----,. I \. I&'.!!! "1" I, ,I " II II II'," I' I" I II" 1.11a1 
-:-- __ --1'1...L.l. LLlL.LJ..U .. J LU ..!..lL.1.J.t...!...!.. '....!......J '--!...'...!...,I I I ~L-

J,.......-0T-=.L05-(-,.2-81-1-~"'-c-:~--; - ~ - -t -; -~- -F-I-- ~:\-;.l 
(·1i.~51 ,O7~1 -!-O 0 0 D ~ D D i 
V ''''N. +- -- I =r 

A 

REV 01 

l I' DIO (0,25) 

OO~Aoxqr II MAX . 

.030 1 
(0,761 

MIN. 
2 PL"S. 

.559 
(14.20) 

I 1....- lEe 0 "I .637(16.181 

I-~~~-1 .1~i-l~u~J-4:' II .o~ f-h - - jlTTT ny' !TIlT Tl'iT 1"'T'j 10 ~rT' rrrr 
- I'" 1-'('~3:7jj'L:: L: : : " :j: : : L.~~~' : : : : t~'~: : : I _ 7-L02-2 (0.5-61 --'-. L5 0 (0.761 (1,73) I' MAX. 

.030 .112 4 PLCS. 
(0,76) (2,841 

1-------.648(16,461 -----

1------ ,724(18,391 
MI N. VIEWING AREA 

1----.----- .806(20,471 ----------

Noles: 
1). Dimensions in parentheses are in millimeters. 

2). Tolerances unless specified xxx = ± .004(0, '0). 
3). Days of week are permanently printed on display. 

PIN SCHEDULE 
1 Backplane 10 Seg C2 
2 Blank 11 Seg E3 
3 Seg K 12 Seg D3 
4 Seg E, 13 Seg C3 
5 Seg D, 14 Thursday 
6 Seg C, 15 Friday 
7 Colon 16 Saturday 
8 Seg E2 17 PM 
9 Seg D2 18 Alarm 

19 Blank 
20 Blank 
21 Seg B3 
22 Seg A3 
23 Seg F3 
24 Seg G3 

25 Wednesday 
26 Seg B2 
27 Seg A2 

4-14 

-t.039 (0,99) 

J1: 020'.003 
(~ 51 '0.076) 

'!:003 • 
. 020' 

'to,076 
(0.51 ) 

28 Seg F2 
29 Seg G2 
30 Tuesday 
31 Monday 
32 Seg B, 
33 Seg A, 
34 Seg F, 
35 Seg G, 
36 Sunday 



commodore semiconductor group 

LCD 

Model5049 Men's 6 Digit "Super Chrono" Watch Dis­
play With Chrono, Run, Auto Range and Lap/Split flags 
Outside Dimensions .637 (16,18) x .806 (20,47) 
Digit Height .181 (4,60) 

.130 (3,30) 

1.143 (3'6'fr) 

.011 (0.28) PADS 

.050 R. 
(1'27)~ r.013 (0.33) SPACES 

~ I , lJlj I I I I " " I, I I ,r I ul" " " 1,1 I 'f. ,I, " !, " II ~1'; ~ 
~ __ ':w' , .. liI~J..U.'ll.J ill.,-,/ 'IrL.w.'....uII'~ 

4 7 1111.96) 
MIN. 

VIEWING AREA r--
. 027 
10.69) 

.181 l 
14.60) 

~ 
.083 (2.11) 

1--

Noles: 

.0416-
11.057) 

r~--2ii--=jff @~= 
I ~ [L!~' ~ ~~I_ 
I 5 6 I 

~:[j'G Qu 0 UiJ ,r 
I 0CDc Dc=! DC) Dc=! I 

=:, ,~811?~ n 19~ 9 0 ) 
-1-'"1----rl-II-I1---(---11 
- T-- - -ITTl rrTT' ITT fIT)" =, TTT,TTT'T NJ1 TTTT:TlT 11( i ~ ,~,~r J {L!:~l~~:S;~;;", 

iili5) '-01 .035 10.89) 

.6188115.718) 

.702117.83 ) 
MIN. VIEWING AREA 

.806 120.47) 

1). Dim. in parentheses are millimeters. 
2). Tolerance unless specified: xxx = ± .005 (0.13). 
3). Indicator frame is permanently printed on display. 

PIN SCHEDULE 
1 Seg E1 14 Seg Es 27 
2 Seg A1, D1 15 Seg Js 28 
3 Seg C1 16 Seg Ds 29 
4 Seg E2 17 Seg Cs 30 
5 Seg D2 18 Seg E6 31 
6 Seg C2 19 Seg D6 32 
7 COLON 20 Seg~ 33 
8 Seg E3 21 Seg C6 34 
9 Seg D3 22 Seg G6 35 

10 Seg C3 23 Backplane 36 
11 Seg E4 24 Seg B6 37 
12 Seg D4 25 Seg A6 38 
13 Seg C4 26 Seg F6 39 

4-15 

, 
I 

.020 

-~ ----r .130 
13.30) 

-3~ .060 
11.52) 

- .2001~ 
MAX • 

--..l. .6~ 
116.1 

l 
L022 10.56) 

MAX. 

Seg Bs 
Seg As 
Seg Hs 
Seg Fs 
Seg Gs 
Seg B4 
Seg A4 
Seg F4 
Seg G4 
Seg B3 
Seg A3 
Seg F3 
Seg G3 

1 r'olO 
10.25) .~~~Iq~ I MAX. 

,030
J -j 10.76) 

MIN. 
2 PLCS. 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

.559 
114.20) 

AUTORANGE 
LAP/SPLIT 
RUN 
CHRONO 
Seg B3 
SegA2 
Seg F2 
Seg G2 
Seg B1 
Seg F1 
Seg G1 



commodore semiconductor group 

LCD 

Model 5050 Men's 5V:z Digit Direct Drive Watch Dis­
play With Alarm Flag 
Outside Dimensions ,637 (16,18) x .806 (20,47) 
Digit Height ,181 (4,60) 

.130 (3,30) 

REV 03 lH""tfr'Oll (O'28) PADS '0881r'~3~~g'~I) 
,~," l [~::o:::,~~:~~, .'~\~E} J ~ ,JC _____ .. "~:lo::rlr ~~~~,25) 
T-"'~=ru>~-='"'==~Id&2F;= r\l ~t![ lin ,;;:.,,,,. Ii 'BBD ~-, i ,~1" 

VIEWING AREA ~ '~--I-- r-Ll 
I 4 5 I .060 
, I (1,52) 

.559 
(14,20) 

I t 0 FG Qu Q~O-' :-- .20a;;x~8) f 

t (~~~O) : 0 8COG Doc:=::20 0c:=::201 I ~ ,637 
lEe 0 I ~ (16.18) 

t j ~ ~ I c::::::!l e::::::::J I ,=::: '025=0'6~4)J .. -(~ +--I~-I- ~ __ 1_/·/_1_1_2_ \- - ~--1--'1 -, 
,072 (1.83) --r-jTTTI I 1T1TlinTl-rnrrnTIiilTTTITTiYl."-TII~ t I I I III III/II I ," 1/111 I, I' 1/1111\1 11I11I111 I' 'I Iq 

l"0805~(o~~~)d~tj LO~7 ~'j"" "I Lo~: (0.56) (2,04) i;, PLCS. (0,69) ,0045 MAX. 

/-.117 .027(0.69) (0,114) 
(2.97) 

Noles: 

.039 (0,99) Jj .003 , 
020" 

- I (~"'I'tO,076) 
!,003 .~ 

,020 .-
(O. 5I!O·076 ) 

I -.. ..-.553 (14,05)- ... -_. I 
I .714(;8,14) 1). Dimensions in parentheses are millimeters. 
.. MIN. VIEWING AREA • 2). Tolerance unless specified: xxx = ± .005 (0,13). 

PIN SCHEDULE 
1 BLANK 
2 BLANK 
3 Seg K 
4 Seg E1 
5 Seg D1 
6 Seg C1 
7 SegCOLON 
8 Seg E2 
9 Seg Ab D2 

10 Seg C2 
11 Seg E3 
12 Seg D3 
13 Seg C3 

----.806 (20,47) 

14 Seg E4 
15 Seg )4 
16 Seg D4 
17 Seg C4 
18 Seg Es 
19 Seg Ds 
20 Seg Ls 
21 Seg Cs 
22 Seg Gs 
23 BACKPLANE 
24 Seg Bs 
25 Seg As 
26 Seg Fs 

4-16 

3). Alarm frame is permanently printed on display. 

27 Seg B4 40 ALARM 
28 Seg A4 41 BLANK 
29 Seg H4 42 BLANK 
30 Seg F4 43 BLANK 
31 Seg G4 44 Seg B1 
32 Seg B3 45 Seg A1 
33 Seg A3 46 Seg F1 
34 Seg F3 47 Seg G1 
35 Seg G3 48 BLANK 
36 Seg B2 49 BLANK 
37 BLANK 50 BLANK 
38 Seg F2 
39 Seg G2 



commodore semiconductor group 

LCD 

Model 5051 Ladies' 6 Digit Direct Drive Watch Display 
With Chrono, Run, Auto Range and Lap/Split Flags 
Outside Dimensions .488 (12,40) x .618 (15,70) 
Digit Height .141 (3,58) 

.102 (2,59) 

.056 -
11,42) 

REV 01 

.030 R. ~ ---"rTTT!'TT!'!TT'rrrTrn;m,r..,-rn-n..,.,.,-mTTm'1'T.-rr!:i----, _--'-______ ---,-
10.76) ~.-

.0:6 Lt =-=~;-;-
12.44) .029 (0.71) 

f 

.0725 
11.94) 

.537 113.64 
MIN. VI EWING AREA 

• 618 (15.70) 

PIN SCHEDULE 
1 Seg Fl 14 Seg D4 
2 Seg G, 15 Seg C4 
3 Seg E, 16 Seg Es 
4 Seg A1, Dl 17 Seg 15 
5 Sege1 18 Seg Ds 
6 Seg E2 19 Seg Cs 
7 Seg D2 20 Seg E6 
8 Seg C2 21 Seg D6 
9 Colon 22 Seg4 

10 Seg E3 23 Seg C6 
11 SegD3 24 Seg G6 
12 Seg C3 25 Backplane 
13 Seg E4 26 Seg 86 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

4-17 

.417 
(10.60) 

.035510.90) -c.c.,:.t 

Noles: 
1) . Dimensions in parentheses are millimeters. 
2). Tolerance unless specified: xxx = ± .004 (0,10). 
3). Indicator frame is permanently printed on display. 

Seg A6 40 Seg F3 
Seg F6 41 Seg G3 
Seg Bs 42 Autorange 
Seg As 43 Lap/Split 
Seg Hs 44 Run 
Seg Fs 45 Chrono 
Seg Gs 46 Seg B2 
Seg B4 47 SegA2 
Seg A4 48 Seg F2 
Seg F4 49 Seg G2 
Seg G4 50 Seg Bl 
Seg B3 
Seg A3 



commodore semiconductor group 

LCD 

Model5052 Men's Biplexed 31h Digit Watch Display 
Outside Dimensions .410 (10,41) x .862 (21,89) 
Digit Height .186 (4,72) 

r ----.a.B62 (21.89) ------------i 

.050~ r------.764(19.4I)MIN. VIEWING AREA,--~'" .00 

(1.27) R. ~ .030 - f- (0 
(0.76) 1-'----1-.112(2.84) 1- 1-.020 MAX .• 

, - (0.51) 

r-r---------------r+--~--------~ 

.O~ ~fc=~-©~1r~---- -@~~i-- ----~ - - f 
rf=: a ~8 Ol'1:70' ( o~ ~ n .29 
186 I V 8 0 I (7.5 

.410 (4.72) : 0 CJ~ 0 oc::lo Q~ : '(~~008) VI~~ 
(10.41) ~ I k! ';0 U I MAX. ARE L 028 (0.71l -l\--k-~ / / 9 ~ ) j~ I 

'---1---------- ------------/----~ 
Iii III III i II II! 1:1 II UH I II II I II~ 

.022 (O'56)I~IDI igJ~,J L 
PADS-li II ~I 5° ~.025 (0.64) -. I-"" 

.155,3.94) .. 4 .552 (l4.'02)-----i l= SPACES 
-- .. ---.680(17.271-----......., 

Noles: 
1). Dimensions in parentheses are in millimeters. 

2). Tolerance unless specified: xxx = ± .005 (0.13). 

PIN SCHEDULE 

~ !! 
1 Backplane Seg E1 
2 Half Digit SegD1 
3 Seg F1 Seg C1 
4 SegG1 Seg B1 
5 Seg A1 Seg E2 
6 Colon Seg O2 
7 Seg F2 Seg C2 
8 Seg G2 

~ 
9 Seg A2 

10 -OFF-
11 Seg F3 
12 Seg G3 
13 Seg A3 
14 Month-Date 
15 

4-18 

.0 
(0 

REV 01 

~ 
Seg B2 
Seg E3 
Seg 0 3 
Seg C3 
Seg B3 
-OFF-
Backplane 



commodore semiconductor group 

LCD 

Model5053 Ladies Biplexed 31h Digit Display 
Outside Dimensions .530 (13,46) x .389 (9,88) 
Digit Height .165 (4,19) 

.0475, 0.206) 
2 PLCS 

.050 R."""" 
(1.27) " 

fl35(11.05)~ 

~.o15 (0.38) PADS a SPACESlr2' I tDOZ !O,0!51 l fr .o20,.e03(0.:llo.076) 

L- r'O" I (0.28 ) 

.035(0.89) MIN. I .039 (0.99) 

y- IT 
" 111 I I I L I I I I L I I I 111 I I I III I I I I 1 I I~I ""~~...i..j.....w...r.....J...!.....L..Ll.Ll.L.l-I....L...l.J...Lt..;LJ....Ll.J....L..!....EI __ 

I" II 
i~'~~ 7K--~-----:-r -:--\ ----rr 

.38'.004 1 riO rv::l) 0 D~O [f' I I .28~;) "r'l ,:~,', : QJ! 0 19 I I ~,r"'~ i~~~) L __ :_O ~~ p [bq (1;0 I dl}~~) 
1 _ _ UVIONTH I DATE ) ~ 

I 1-'-- -II r - Ii ---Ii - .020 (0.5I)k 
1,,1 I I i I I /1 t 

~ (~%}}l J L25 ~ - .020(0.51) MAX. r- JL.010(0.25)MAX. • (0.64) 

.026(0.66) ~ i- ig~~) .030(0.761 -

~ I- .034(0.86) .022 
2 PLCS. (0.56) I 

fl0600.31l ---~ 

to----,M~~2V~~'~~b AREA 

1o--_____ .53d00403.4~0.IO)----__1 

NOTE 
Dimensions in parentheses are in millimeters. 
Tolerance unless specified: XXX = ± .005 (0,13). 

PIN SCHEDULE 
6. ~ 

1 Backplane 
2 Half Digit Seg El 
3 Seg Fl Seg Dl 
4 SegG1 Seg C1 
5 Seg Al Seg Bl 
6 Colon Seg E2 
7 Seg F2 Seg D2 
8 Seg G2 Seg C2 

4-19 

6. ~ 
9 Seg A2 Seg B2 

10 -OFF- Seg E3 
11 Seg F3 Seg D3 
12 Seg G3 Seg C3 
13 Seg A3 Seg B3 
14 Month-Date -OFF-
15 Backplane 



commodore semiconductor group 

LCD 

Model5056 Men's 5% Digit Watch Display with 
Melody 
Outside Dimensions .555 (14,10) x .941 (23,90) 
Digit Height .210 (5,33) 

.140 (3,56) 

i~;gg5) llJ ~;: ,~~) :.J 1~~im5' - .020 (0.51) 

~~.~9) ~ 
- -J575(19.241)-------

_____ .847 (21.51) . 
MIN. VIEWING AREA 

,...-- . .941 (23.90)-----------1 

NOTES 
1. Dimensions in parentheses are in millimeters. 
2. Tolerance unless specified: XXX = ± .DOS (0,13). 
3. Treble clef and scale are permanently printed on display. 

PIN SCHEDULE 
1 Half Digit 12 Seg E4 23 Seg Bs 
2 Seg E1 13 Seg J4 24 Seg As 
3 Seg D1. 14 Seg D4 25 Seg Fs 
4 Seg C1 15 Seg C4 26 Seg B4 
5 Colon 16 Seg Es 27 Seg A4 
6 Seg E2 17 Seg Ds 28 Seg H4 
7 Seg D2 18 Seg Ls 29 Seg F4 
8 Seg C2 19 Seg Cs 30 Seg G4 
9 Seg EJ 20 Seg Gs 31 Seg B3 

10 Seg D3 21 Backplane 32 Seg A3 
11 Seg C3 22 Melody 33 Seg F3 

4-20 

REV 01 

34 Seg G3 

35 Seg B2 
36 Seg A2 
37 Seg F2 
38 Seg G2 
39 Seg B1 
40 Seg A1 
41 Seg F1 
42 Seg G1 



commodore semiconductor group 

LCD 

Model5059 Ladies 5% Digit Multipurpose Watch 
Display With Melody Flag. 
Outside Dimensions .488 (12,40) x .618 (15,69) 
Digit Height .141 (3,58) 

.102 (2,59) 

! ~I J .086 !J tJ L0275lo04 • ig,~~) 12.18) (0,698) (0,10) 

~~29J .020 10.511 ig~~~) - -
!414(IO.52) 

--,450(11.43) -----I 
.~37 113,6.4)-------1 

MIN. VIEWING AREA 

- .. - --_. _.- .618115.69) ------_~ 

NOTES 
1. Dimensions in parentheses are in millimeters. 
2. Tolerances unless specified: XXX = ± .004 (0,10). 
3. Treble clef and scale are permanenlly printed on display. 

PIN SCHEDULE 
1 Seg K 12 Seg E4 23 Seg As 
2 Seg E1 13 Seg J4 24 Seg Fs 
3 Seg D1 14 Seg D4 25 Seg B4 
4 Seg C1 15 Seg C4 26 Seg A4 
5 Colon 16 Seg Es 27 Seg H4 
6 Seg E2 17 Seg Ds 28 Seg F4 
7 Seg D2 18 Seg Ls 29 Seg G4 
8 Seg C2 19 Seg Cs 30 Seg B3 
9 Seg E3 20 Seg Gs 31 Seg A3 

10 Seg D} 21 Backplane 32 Seg F3 
11 Seg C3 22 Seg B5 33 Seg G3 

4-21 

REV 01 

.417 
110.59) 

lJ 
,.o.o,~ Irl .0355(0,90) 

.020 :J 
!O,O 

(0.51 a, t003 to,oe 
.020' 10.51 ) 

34 Seg B2 
35 Seg Az 
36 Seg F2 
37 Seg G2 
38 Melody 
39 Seg B1 
40 Seg A1 
41 Seg F1 
42 Seg G1 



commodore semiconductor group 

LCD 

Model5060 Ladies Biplexed 31h Digit Display 
Outside Dimensions .354 (8,99) x .590 (14,99) 
Digit Height .159 (4,04) 

i 
I 

.354 
(S.991 

L 

NOTES 

i%~I-l 132 (10.971-·l 

.016 (0.41 1 ~ r2 ' 
.034 R. - iPADS a SPACES 
(0.861~ I 

"1'7 _:1..1 w !_u ll:JJ llliJll LU llUJ~L __ 
~ -- - - - - T - - - - -.-:-\--I---=-----r---.l Till 0 (tlA G 0 f (Jj) II .159 150 I (4041 .219 (5.561 

(~AS~) I :DOc 0 f=fi 0 I : . MIN. VIEWING 

1- !, 9 ~ II 9~ ,~O~;=~~L TA 
I-:-=-~----=-R_F-=--H}=-F_F 

.015 (0,381 J L I J I J ~~.~~IJ I ~g~~41 
MAX. ~ .oS7 t l028 ,OS05(2.041 I I- (2.211 i0,711 

I ~~29(10.901--~~CS 

L---.515(13.0S1 ~ 
MIN. VIEWING A. REA 

--.590 (14.9GI - - ---

1. Dimensions in parentheses are in millimeters. 
2. Tolerance unless specified: XXX = ±.OOS (0.13). 

PIN SCHEDULE 
6. ~ 6. 

1 Backplane 9 Seg A2 
2 Half Digit Seg El 10 -OFF-
3 Seg Fl Seg Dl 11 Seg F3 
4 Seg G1 Seg C1 12 Seg G3 
5 Seg Al Seg Bl 13 Seg A3 
6 Colon Seg E2 14 
7 Seg F2 Seg D2 
8 Seg G2 Seg C2 

4-22 

REV. 01 

lr-.o08 (0.201 MAX . 

I l r·OIO (0.2el MAX. 

-·-n 
.276 
(7.011 

---u 
I .039 (0.991 

Jrr ~pO.3 ~O.076 

:::.00:°·51 1 

(0.71 !O.076) 

~ 
Seg B2 
Seg E3 
Seg D3 
Seg C3 
Seg B3 
Backplane 



commodore semiconductor group 

LCD 

Model 5061 Men's Biplexed 3% Digit Watch Display 
Outside Dimensions .520 (13,21) x .805 (20,45) 
Digit Height .186 (4,72) 

... . - .724118.391 
MIN. vIEWING t.REA 

----------.805120.451 

PIN SCHEDULE 
6 ~ 

1 Backplane 
2 Half Digit Seg E1 
3 Seg F1 Seg 0 1 
4 Seg G1 Seg C1 
5 Seg A1 Seg B1 
6 Colon Seg E2 
7 Seg F2 Seg O2 

8 Seg G2 Seg C2 

-~ 

--

9 
10 
11 
12 
13 
14 
15 

4-23 

6 
Seg A2 
-OFF-
Seg F3 
Seg G3 
Seg A3 
Month-Date 

REV. 01 

.420 
(10,67) 

Ll 
I i?~~) 

'o,,'! 11f' .028 "-I -
(('l, 71!O.076) 

.1,)201:003 (0, 51!:u, U 'G) 

B 
Seg B2 
Seg E3 
Seg 0 3 
Seg C3 
Seg B3 
-OFF-
Backplane 



commodore semiconductor group 

LCD 

Model 5063 Ladies Biplexed 3% Large Digit Watch 
Display 
Outside Dimensions .488 (12,40) x .618 (15,69) 
Digit Height .187 (4,75) 

-.rr.o19510.495;::::I'l2.4Ir) ~-;"O --l 006 MAX 

- r·01410.36)SPACES iO.20) 'lr~r'OIO MAX . 

. 030 R. I I ~ 10.25) 

(O.76~ - ~T I --rr-n --rr-n -;-rTl'T'T'I-rT" T'TT"T''''''---,-----------. 
. "'" I II , I, I I I I I I I I I I 1,/, I I ' I I I I I I I I I~I 

r-'~(ou·~~~~~~;"~o-~~"~:: ~"" 1 " I 
.33~~~:61) I V G LJ ~ I .197 ,16714,75) I 

VIEWINr, I "'--" 1 15.00) I ~17 
AREA 1 E cO' MAX. I 110,59) 

~;~~~~r-_[»_ii\n~-_-_-"~=: ~~o"." ,:,~:" i U 
CTn-nTfI---- -TT--"-iT"· j 

~~0504)d{l.02510,64.) j L.025 
, 10,64) 

.026(0,66) 4 PLCS. 

~--- .470111.94) --------<"1 

1-------:-:-:MI~.3~1~~(~b-:A-=R::-EA:------.., 

.023 
.... 1-10.56) 

MAX. 

1+-------,616115,69) --------1 

Noles: 
1). Dimensions in parentheses are in millimeters. 

2). Tolerances unless specified: xxx = ± .004 (0.'0). 

PIN SCHEDULE 
~ !! ~ 

1 Backplane 9 Seg A2 
2 Half Digit Seg E, 10 -OFF-
3 Seg F, Seg D, 11 Seg F3 
4 Seg G, Seg C, 12 Seg G3 
5 Seg A, Seg B, 13 Seg A3 
6 Colon Seg E2 14 Month-Date 
7 Seg F2 Seg D2 15 
8 Seg G2 Seg C2 

4-24 

.035510.90) 

!'OO'1t I t .o2PO.07~ 
(0.51 ) L ".003 

.020 
IO,5f 0.076) 

B 
Seg B2 
Seg E3 
Seg D3 
Seg C3 
Seg B3 
-OFF-
Backplane 



commodore semiconductor group 

LCD 

Model 5064 Men's Biplexed 3112 Large Digit Watch 
Display 
Outside Dimensions .806 (20,47) x .637 (16,18) 
Digit Height .260 (6,60) 

1+-------.806 (20,47)------------1 

Notes: 
1). Dimensions in parentheses are in millimeters. 
2). Tolerances unless specified: xxx = ± .005 (0,13). 

PIN SCHEDULE 

~ ~ ~ 
1 Backplane 9 
2 Half Digit Seg E1 10 Seg A2 
3 Seg F1 SegD1 11 -OFF-
4 SegD1 Seg C1 12 Seg F3 
5 Seg A1 Seg B1 13 Seg G3 
6 Colon Seg E2 14 SegA3 
7 Seg F2 Seg O2 15 Month-Date 
8 SegG2 Seg C2 

4-25 

~ 
Seg B2 
Seg E3 
Seg 0 3 
Seg C3 
Seg B3 
-OFF-
Backplane 



commodore semiconductor group 

LCD 

Model5065 Ladies 5% Digit Watch Display With Alarm 
Flag 

Outside Dimensions .488 (12,40) x .618 (15,69) 
Digit Height .141 (3,58) 

.102 (2,59) 

~'085 jr L0275 ~004l -0 .02310.58) 
12.18) 10.698) 10.10) MAX. 

(21,~~)~ .02010.51) ;g~ir 
flI4110.52l---------I 

MI~3v~~I~;~~ A:;;R-;:EA:-----~ 
t------- .618(15.59) ------------1 

Noles: 
1}. Dimensions in parentheses are in millimeters. 
2). Tolerances unless specified xxx = ± .004 (0.10). 
3). Alarm is permanently printed on display. 

PIN SCHEDULE 
1 BLANK 13 Seg C3 
2 BLANK 14 Seg E4 
3 Seg K 15 Seg J4 
4 Seg El 16 Seg D4 
5 Seg Dl 17 Seg C4 
6 Seg C1 18 Seg Es 
7 COLON 19 Seg Ds 
8 Seg E2 20 Seg Ls 
9 Seg D2 21 Seg Cs 

10 Seg C2 22 Seg Gs 
11 Seg E3 23 BACKPLANE 
12 Seg D3 24 Seg Bs 

25 Seg As 
26 Seg Fs 
27 Seg B4 
28 Seg A4 
29 Seg H4 
30 Seg F4 
31 Seg G4 

32 Seg B3 
33 Seg A3 
34 Seg F3 
35 Seg G3 
36 Seg B2 

4-26 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

Seg A2 
Seg F2 
Seg G2 

417 
lio.59) 

ALARM 
Seg Bl 
Seg Al 
Seg Fl 
Seg G 1 

BLANK 
BLANK 



commodore semiconductor group 

LCD 

Model5066 Men's 51h Digit Watch Display With 
Melody Flag 
Outside Dimensions .637 (16,18) x .806 (20,47) 
Digit Height .181 (4,60) 

.130 (3,30) 

.553 ( 14.05) 

.702117.83) 
MIN. VIEWING AREA 

. 806 (20.47) 

PIN SCHEDULE 
1 BLANK 14 Seg E4 
2 BLANK 15 Seg '4 
3 Seg K 16 SegD4 
4 Seg E, 17 Seg C4 
5 SegD, 18 Seg Es 
6 SegC, 19 Seg Ds 
7 SegCOLON 20 Seg Ls 
8 Seg E2 21 Seg Cs 
9 SegAz, D2 22 Seg Gs 

10 Seg C3 23 BACKPLANE 
11 Seg E3 24 Seg Bs 
12 SegD3 25 Seg As 
13 Seg C3 26 Seg Fs 

Noles: 
1). Dimensions in parentheses are in millimeters. 
2). Tolerance unless specified: xxx = ± .005 (0.13) . 
3). Treble clef and staff are permanently printed on display. 

27 Seg B4 40 MELODY 
28 SegA4 41 BLANK 
29 Seg H4 42 BLANK 
30 Seg F4 43 BLANK 
31 Seg G4 44 Seg B, 
32 Seg B3 45 SegAl 
33 Seg A3 46 Seg F, 
34 Seg F3 47 SegG, 
35 Seg G3 48 BLANK 
36 Seg B2 49 BLANK 
37 BLANK 50 BLANK 
38 Seg Fz 
39 SegG2 

4-27 



commodore semiconductor group 

LCD 

Model 5067 Ladies' 3th Digit Direct Drive Watch 
Display With Melody Alarm and PM Flags 
Outside Dimensions .488 (12,40) x .618 (15,70) 
Digit Height .180 (4,57) 

1- ~g,~) (8.~~~~~L 1_ --'----l -----'020.003 ~_1t 
(0.66)4 PLCS 2!!O (O,5I'OPo) L 

1..-____ 44601.33) I..... 023(0,56) 020'003 

MAX. (0,51'0.08) 
~ ___ -:-::-:.,--.537 (13,64) 

MIN. VIEWING AREA 

.616 (15,70) 

Noles 
'). Dimensions in parentheses are in millimeters. 
2). Tolerances unless speCified: xxx = ± .004 (0.'0). 
3). Treble clef and staff are permanently prinled on display. 

PIN SCHEDULE 
1 Backplane 8 Seg D2 15 Seg B3 22 Seg G2 
2 Half Digit 9 Seg C2 16 Seg A3 23 Seg B, 
3 Seg E , 10 Seg E3 17 Seg F3 24 Seg A, 
4 SegD, 11 Seg D3 18 Seg G3 25 Seg F, 
5 Seg C, 12 Seg C3 19 Seg B2 26 Seg G, 
6 Colon 13 PM 20 Seg A2 
7 Seg E2 14 Melody 21 Seg F2 

4-28 



commodore semiconductor group 

LCD 

Model5076 Unisex 31h Digit Biplexed Watch Display 
Outside Dimensions .454 (11,53) x .690 (17,53) 
Digit Height .164 (4,17) 

-fr'020(0'51l PA::O 
(14.73)1 r'Oi~~~) 

.059R. ~ r.020 (0.51l SPACES (1.50) 

--I r- .022 (0.56) 

.454 
(11.53) 

.250 
(6.35) 
MAX. 

l __ = 
.015 (0.38) ..... 

Notes: 

~--------------.. 609------------~ 
(15.47) 

MIN. VIEWING AREA 

1--.04050.028) 

1+-------------- .690 07.53) -----------1 

1). Dimensions in parentheses are in millimeters. 
2). Tolerance unless specified: xxx = ± .005 (0.13) 

PIN SCHEDULE 

~ !! A 
1 Backplane Seg E, 9 Seq A2 
2 Half Digit ~eg D, 10 -OFF-
3 Seg F, Seg C, 11 Seg F3 
4 Seg G, Seg B, 12 Seg G3 
5 Seg A, Seg E2 13 Seg A3 
6 Colon Seg D2 14 Month-Date 
7 Seg F2 Seg C2 15 
8 Seg G2 

4-29 

.354 
(8.99) 

J t .050 
(1.27) 

-'-1 
U l .020'003(0.51 '0.08) 

J L .028'D03(0.7I'o.oe) 

!! 
Seg B2 
Seg E3 
Seg D3 
Seg C3 
Seg B3 
-OFF-
Backplane 





Section 5 
Packaging and Reliability Information 





Plf.lNO.l 
IOENT 

PACKAGING INFORMATION 

Ceramic 

T 
1.310) 
Uiiifl 

'rrr-~~""'-'+r-TT"T'...L 

18-PIN PACKAGE 
Molded 

.~J::::::::: Ii 
I "'0' I 
-- 11901 I 10Ii01 

:::::j tL ft,or;::~:-I 

~~-~~ II .Q~M~ 
::::: /. ... 1 ~ ~+ '023' ----+- U ~ ---l f-- ---If-- /.0201 ~ 'O'SI~IF- "50' r--::::--i 

1.110) t0211 (.2901 :::: :!:: :::: 11251 

032 REF. 
f.0901 (.015) 032 REF 

Ceramic 

24-PIN PACKAGE 

Molded 

4O-PIN PACKAGE IOomax. 

Do. or N0'cD40 
q21 ~ ------r To Locafe ,600max. (15.87) .625 

. Pin No. I L: JO(~ 115.~ 

.155max. 
2.020 mox. (393mm) 

(51.30mm) .ISOmax. 
(4.S2mm) 

Jml m-t--"--r-t-~ 
11.65) .065 T 'Jt ~ 1I.01l .040 yp 

1.55) .022 Typ 
(.45) .01S . l2!Q (4S.5Imm) 

I.S90 (4S.00mm) 

19 Equal Spaces 
.100 ~ Tol. Noncum. 
(2.54mm) 

5-1 

.OIOmin. 
(.25mm) 



RELIABILITY INFORMATION 

Device reliability is a function of design, of wafer process­
ing and of packaging. MOS Technology products are char­
acterized electrically and physically for an in-house 
qualification. Device reliability is verified by long-term, ac­
celerated life testing. Life testing and characterization are 
then continuously checked in an ongoing monitor of reli­
ability. 

ENVIRONMENTAL TESTING 
No formal universal set of qualification standards exists for 
plastic encapsulated devices designed for non-military ap­
plications. However, modeled after the Military Standard 
883, a series of environmental and general reliability tests 
were established to evaluate device reliability prior to new 
product introduction. These tests were as follows: 

MIL STD. 883 
TEST METHOD BASIS 

Thermal Shock 1011.1 

Immersion (Salt Solution) 1002 

Moisture Resistance 1004.1 

Steam High Pressure 1004.1 

Centrifuge 2001.1 

Burn-in and Long Term Life 1015.1 

ThennalShock 
The purpose of this test is to determine the resistance of 
the device 'to sudden exposure to extreme changes in 
temperature. 

Procedure 
This evaluation consisted of 1) preconditioning the sample 
for >5 minutes immersed in a liquid at -55°C; 2) transfer­
ring the sample rapidly « 10 seconds) to a second liquid at 
+1OO°C and allowing stabilization for >5 minutes; 3) 
transfer of the sample back to the original container. The 
cycle was repeated 15 times. 

Sample Size: 

Evaluation: 
Results: 

200 pieces, multiple lots, chosen at 
random. 
Electrical Test 
o Failures 
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Immersion 
This test is performed to determine the effectiveness of 
the seal on microelectronic devices. 

Procedure 
This evaluation consisted of: 1) 24-hour soak in salt solution 
at room temperature; 2) rinse in tap water; 3) bake dry. 

Sample Size: 100 Parts 
Evaluation: Electrical Test 
Results: 0 Failures 

Moisture Resistance 
The moisture resistance test is performed for the purpose 
of evaluating in an accelerated manner the resistance of 
component parts and constituent materials to the deterio­
rative effects of high humidity and heat conditions. 

Procedure 
This evaluation consisted of two tests: 

(a) The sample was subjected to 4 hours at 150°C 15 PSI 
saturated water vapor in a pressure chamber. 

Sample Size: 100 Parts 
Evaluation: Electrical Test 
Results: 0 Failures 

(b) The sample was subjected to 85°C 95% R.H. for 24 
hours. 

Sample Size: 100 Parts 
Evaluation: Electrical Test 
Results: 0 Failures 

Constant Acceleration 
This test is used to determine the effects of constant accel­
eration on microelectronic devices. It is an accelerated test 
designed to indicate types of structural and mechanical 
weaknesses not necessarily detected in shock and vibra­
tion tests. 

Procedure 
Parts were subjected to one-minute centrifuge at 30,000 G 
in y 1 orientation. 

Sample Size: 
Evaluation: 
Results: 

100 Parts 
Electrical Test 
1 Failure, open contact AO address lead 
due to open bond. 



RELIABILITY INFORMATION 

LONG TERM LIFE 

Elevated temperature is used to accelerate failure mecha­
nisms such as mobile contamination, slow trapping and 
oxide pin holes. Burn-in ovens capable of continuously 
exercising devices are used to stress product at high volt­
age and temperature. long term life testing is a continuous 

and ongoing procedure in order to detect any subtle reli­
ability changes. Millions of device hours have been accu­
mulated. The data presented in Figure 10 are typical 1000 
hour performance characteristics at 125°C., 5.5v. Extrapo­
lating to a 70 0 e operating ambient, the N-channel process 
demonstrates a reliability of .056%/1000 hours. 

LONG TERM RELIABIlITY 
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ROM LONG TERM 
LIFE PERFORMANCE 

SAMPLE N173-01 - N201-13 
100 PIECES/SAMPLE 
125°C 

RAM LONG TERM 
LIFE PERFORMANCE 

SAMPLE Nl66-02 - N171-01 
100 PEICES/SAMPLE 
125°C 



RELIABILITY INFORMATION 

MANUFACTURING PROCEDURES 

The manufacturing process used at MOS Technology fol­
lows strictly documented procedures to ensure consisten­
cy in performance and reliability. Figure 11 is the product 
flow at the "back end- of the process. All production lots 

are burned-in and a constant monitor is made of losses. A 
high drop out at burn-in is an indication of a potential 
problem which can be immediately addressed. Any part 
shipped is traceable to burn-in, final test and fabrication 
yields. Quality assurance monitors prior to shipment verify 
electrical performance and mechanical standards. 

POST ASSEMBLY PRODUCTION FLOW 

All product is 100% electrically Tested. 

Every Production Lot is Burned-in To 
Minimize Infant Mortality. 

Post Bum-in Electrical Test Guarantees 
Product To Specifications of Various 
Speed Sorts. 

Outgoing Quality Level is Verified 
On All Production Lots. 

Figure 11 
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commodore semiconductor group 
950 Rittenhouse Road 
Norristown, Pennsylvania 19403 

Western Regional Office 
3330 Scott Boulevard 
Santa Clara, CA 95050 
Phone: (408) 727-4862 

Western District Office 
1701 East Edinger, Suite 15E 
Santa Ana, CA 92708 

Eastern Regional Office 
950 Rittenhouse Road 
Norristown, PA 19403 
Phone: (215) 666-7950 

Ext. 292 

Eastern District Office 
950 Rittenhouse Road 
Norristown, PA 19403 
Phone: (215) 666-7950 

Ext. 293 

commodore semiconductor group 
Representatives 
Western Region 

Northern California 
Criterion Sales, Incorporated 
3350 Scott Boulevard 
Building Number 44 
Santa Clara, California 95051 
Phone: 408-988-6300 
TWX#: 910-338-7352 

Arizona 
EI Repco 
10333 North Scottsdale Road 
Suite One 
Scottsdale, Arizona 85253 
Phone: 602-996-0293 

Washington 
Desco Northwest Sales 
16460 Northeast Eighth Street 
Redmond, Washington 98052 
Phone: 206-883-6336 

Southern California 
S.C3 

7144 Mockingbird Way 
Anaheim Hills, California 92807 
Phone: 714-974-7758 

Southern California 
SC3 

11833 Quartz Circle 
Fountain Valley, California 92708 
Phone: 714-839-2851 

Southern California 
S.C3 

2853 Coneflower Street 
Thousand Oaks, California 91360 
Phone: 805-492-0340 

commodore semiconductor group 
Representatives 
Central Region 

Illinois and Wisconsin 
Janus 
3166 Des Plaines Avenue 
Des Plaines, Illinois 60018 
Phone: 312-298-9330 

Texas, Louisiana, Arkansas, Oklahoma 
W. Pat Fralia Company, Incorporated 
600 Avenue H. East 
Suite 210 
Arlington, Texas 76011 
Phone: 817-640-9101 
TWX#: 910-890-5112 

W. Pat Fralia Company, Incorporated 
300 East Huntland Drive 
Austin, Texas 78752 
Phone: 512-451-3325 

W. Pat Fralia Company, Incorporated 
6420 Hillcroft 
Suite 113 
Houston, Texas 77081 
Phone: 713-772-1572 

commodore semiconductor group 
Representatives 
Eastern Region 

New England, Connecticut, 
Massachusetts, Rhode Island, 
Vermont, Maine, New Hampshire, 
Puerto Rico 
Sales Engineering Company 
25 Main Street 
Salem, New Hampshire 03079 
Phone: 603-893-5521 

Upstate New York 
R. W. Mitscher Company, Incorporated 
8555 Main Street 
Buffalo, New York 14221 
Phone: 716-633-7970 

Western Tennessee, Alabama 
R. W. Mitscher Company, Incorporated 
.1004 Sharpsburg Drive, Southeast 
Huntsville, Alabama 35803 
Phone: 205-883-0506 

Florida 
HAl 
11471 West Sample Road 
Coral Springs, Florida 33065 
Phone: 305-752-7520 
TWX#: 510-956-9874 

Georgia 
R. W. Mitscher Company, Incorporated 
3417 Stanford Circle 
Lawrenceville, Georgia 30245 
Phone: 404-923-3239 

Pennsylvania and South Jersey 
Campbell/French Associates 
530 Street Road 
Southampton', Pennsylvania 18966 
Phone: 215-322-6630 

Virginia 
R. W. Mitscher Company, Incorporated 
6031 Newington Drive 
Richmond, Virginia 23224 
Phone: 804-745-4346 

Maryland, Delaware, Virginia 
R. W. Mitscher Company, Incorporated 
9206 Ethan Court 
Laurel. Maryland 20811 
Phone: 301-498-6090 

Western Virginia, Tennessee, 
North Carolina 
R. W. Mitscher Company, Incorporated 
P.O. Box 4105, CRS 
Johnson City, Tennessee 37601 
Phone: 615-282-6240 

Metro New York, Long Island, New Jersey 
J2 Marketing 
P.O. Box 103 
Jericho, New York 11753 
Phone: 516-997-6210 
TWX#: 510-222-1048 

Eastern Region (Continued) 

Kentucky 
R. W. Mitscher Company, Incorporated 
8013 Brush Lane 
Fern Creek, Kentucky 40291 
Phone: 502-239-8927 

North Carolina 
R. W. Mitscher Company, Incorporated 
P.O. Box '10541 
Raleigh, North Carolina 27605 
Phone: 919-828-0575 

Southern Carolina 
R. W. Mitscher Company, Incorporated 
P.O. Box 210296 
Columbia, South Carolina 20221 
Phone: 803-772-1907 
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Valley Forge Corp. Center 
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