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This document containg information concerning the srchitectures

hardware descrirtions timind analysis, rperirheral seecification
and driving software descrirtion for the Commodore suystem Dased
on the 7340 I.C. (hereafter referred to 3s the TED I.,C.) and the
TED system. This document does not attemsrt to fully describe

coftware aspects of the TED sustem snd information concerning

this subJect can be found in the arerorriate documents listed

in sectionm II.
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1, SYSTEM OVERVIEW
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The TED sustem is based on the 7501 microprocessors which is
3ari HMOS version of the 6510, working in condunction with the
7240 Ted video processor. Sustem RAM consists of 44K butes of
dunamic RAM comrosed of eight 64k X 1 devices. System Program is

cont3ined in two 16K X 8 ROMsy and in it’s standard confiduration:

consists of Kernal and Basic version 3.5 . The current
implementation of the architecture for the Ted sustem suprports ur
to 128K X 8 of ROM banked in 14K sections. ROM can be comeletely
nanked out and RAM banked in for 3 true 44K of RAM (minus two 2546
huyte =3des)., This allows 60,4671 buytes available for Basic. The
ROM/RAM banking is controlled bw the 7360 under software

control.

Keuboard scannindg is done by outrutting the row
dats on the Dats bus while addressing a rparticular register in
Teds which will in turn cause Ted to latch the column information.
Joystick scanmnning is done inm the same manner.

Perirherals consist of standard serial bus eproducts, (1341
disk drivesr serial eprinterr ect,) cassettes, TTL Serial ASCII which
igs intended to drive an RS-232 adarter. The exransion port surports
ROM cartriddes and 3 rparallel disk drive interface,

SUMMARY OF TED SYSTEM FEATURES

- 7501 ( 4502 com3rtible) 8 bit CFU

- 7340 VULSI videor voices DRAM controller

- $4KEBuyte RAM

- I72KBute ROM for use in Kernal and Basic

. I2KBute ROM for Function Key software

- 3I2KBute ROM for Csrtridde software

-~ Yersiorn 3.5 Basic with advanced grashics and Dos
( compatible with Cé4 )

- 40 X 25 diseplaw with 128 colors

- I20 X 200 grarphics resolution

- 2 Vpices and white noise

- ¢4 keus including function keus

- Sereen Editor with virtual windouws

- Iyal seeaed sustem clock for increased rrocessing throushrut

- Euwternal rower suprluy (same 3s cé4)

- Lnow chis county high sustem intedration



2. SYSTEM ARCHITECTURE

L R T W S A

The Ted system emrloys 3 shared bus concert which allows
the video processor and the microrrocessor to access the same

memory and I/0 devices on alternate halves of the sustem clock.,

Bus access control is denerated by the 7340, To increase
microsrrocessor througheputs when this interleaving is not needed
the suystem clock doubles in freauency and the microesroccessor
is 3llowed full time on the bus. This occurs when no video
information is being fetched by the 7340 (horizontal or vertical
retraces blank screen), There is an excertion to this» and that is
when the 7340 DMA’s the 7501 micro to asccomrlish attribute fetch
and character pointer information.

Dunamic RAM control sizZnals are denerated by the 7340,
/RAS is generated once esch memory cycles while /CAS is
denerated derending on whether the memory cyecle is 3 [IRAM memory
cycle or not. MUX is denerated to control the multirplex of
the Row and Column addresses doindg to the DRAMs., MUX 3lso
controls the holdoff of the R/W line as denerated by the 7501.
The R/W linme is latched hy the 7501 until the MUX line dgoes hisgh
signifwing the end of the memorw cucle. Refresh is provided by
the 73460y refreshindg 5 row locstions (RAS only refresh) every
raster line.

Selection of either ROM or RAM is accomplished by
writing a3 bit in 38 Ted redister., When RAM is selecteds the
whole 44K memory mar is comrrised of RAM with the exceeption of
2 registers for 7501 eortsy 1 pade for Ted control redisters:
and 1 pade for I/0, This method wields 60s671 butes of RAM
available for Basic =rodram storade., Whem ROM is selected, the
rrodram residing in ROM arrears in Place of RAM. The excerption
to this is 3 write oreration to ROM will 23lwaus °*bleed through®
to underluing RAM.

Kernzl and Basic can also be selectivliy swarred out
and rerplaced with other 16 K sections of ROM. 2 sockets are
rrovided internalle for application eprodrams (reffered to as
function kew software) and sddress srace is allocated for
2 ROMs external to the system ( cartridde user ect.).
Swarring is taken care of by 3 Kermal routine that does not
swar outsy (located at $FCOO0 ).



The cacsette rort 2nd the Commodore serial bus port
are imelimented using the zZero rade ports available on the
7501 and using software control ef hardware handshake.

The serial bus works with Commodore serial components:

ovcert for older serirerals that have 3 handshake timing
sroblem.
The User Fort is intended for external RS5-232 adarters,
and modem adaepters. Transmission and recertion is accomelished
ueing 3 6551 ACIA with handshakind assistance from 3 4529 sindle
rort I.C, :
The Joustick ports are functionally comeatible with the
ctandard Commodore 5 switch ture Jowstick. Thew are not comeatible
with analog tuepe perirherals such as raddles» tablets» etc.» as
well 3s not being rpin comeatible.

The video connector has composite video as well
3s serperate chroma and luminance outrputs for use with monitors,
The 1701y 1702 ture Commodore monitors interface directly to
this conrector.

The RF output Jack supplies an RF sidnal compatible
Wwith the regulations rpertaining to TV interface devices:
and is switch selectible between channels 3 and 4. Both
NTSC and PAL television standards are suprorted.



34 SYSTEM SPECIFICATIONS
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This section covers the rande of sustem oreration by
discussing various constraints and features of the TED system as
3 whole. Included are descrirtions of the sustem as confidured
arnd limiting factors of rower: loading, and environment.
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T FOWER COMSUMFTION

FART I TOTAL I TOTAL
(TYF) (MAX)

7501 80 125 m3a
750 200 250 ma
23128 1595 220 ma KERNAL s BRASIC
74L8257 24 38 m3
modulztor 80 150 ma
555 10 15 ma
7404 32 51 ma
74L.808 4 9 ma
74L504 4 7 ma
7700~ a5 120 ma
4144-2 236 480 ma
4351A 34 60 ma
4529R 56 80 ma
45298 56 80 ma

1154 ' 146485 ma W/0 FUNCTION KEY SOFTWA
23128 155 220 ma FUNCTION KEY ROM

1311 1905 ma TED W/FUNCTION SOFTWARE
23128 155 220 m3 CARTRIDGE ROM

14466 2125 ma TED&64 FUNCTION AND CART
RS - 232 1536 . 2225 ma TED&4 FUNC. W/CART

& RS-232

8 ]

XX 1.53 A TYF. 2 A MAX. XX



3.4 BUS LOADING

RAS
DEVICE ADDRESS DATA R/W CAS
7501 12 15 2 - i
7340 10 10 10 10 o f
4164 - 20 80 80 pf
7700 8 - - 8 o f
6551 10 10 10 - pf
(2)46529 - 20 20 - o f
74LS257 5 - - - o f
(2)23128 16 16 - - pf
61 91 132 98 PP X
77 107 132 58 pf XX
93 123 132 98 PP XXX
X TED&4
X TED44 W/FUNCTION ROMS

XXX TED44 W/FUNCTION & CART
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3.5 ENVIRONMENTAL SPECIFICATION

The sustem is rated to orerate over the rande from 10 dedrees
Celsius to 50 dedrees Celsius. Additionallgr it will orerata over 3
relztive humiditys rande from 5% to 95%Z non-condensing.



4, THE 7340 TEXT DISFLAY CHIP
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This charter will discuss various asrpects of the 7360
TExt Displzy chir,

4.1 OVERVIEW

The 73260 (ar TED) is intended for low end 46502 family
hsseds mersonal home computer systems.s The 7340

iz = 48 rin device which controls video outputsy (31l
sidnals nessecary to create composite video)s» sustem timing,
dernamic RAM controls ROM controls and kesboard scannindg.

The 7360 contains 34 control redisters which are accessed
through the standard 4502 microprocessor data bus.

The 7380 uses the MOS technolosgy HMOS rrocess» and is

urdradable to HMOS 2.



4,2 FEATURES

HARDWARE FEATURES?
NYNAMIC RAM REFRESH
SOUND GENERATION

FROGRAMMABLE VIDEO TIME STANDARDS
fcempatible with either NTSC or PAL standards)

40 COLUMN X 25 ROW CHARACTER DISFLAY
8§ X 8 CHARACTER DOT MATRIX

320 X 200 PIXEL RESOLUTION

14 UNIQUE COLORS, 28 LUMINENCE LEVELS
HARIOWARE FLASH

HARDWARE CURSOR

HARDWARE REVERSE VIDEQ

FROGRAMMAELE CHARACTER INFORMATION SOURCE
(ROM or RAM)

DUAL SFEED CLOCK
SCREEN BLANKING FOR DMA SENSITIVE ENVIROMENTS



4,3 CHIF CHARACTERISTICS

This section discusses some of the rphysical characteristics
of +he TED chir. ;

4.3.1 FINOUT

FIN DESIGNATION DESCRIPTION

1 A2 ' ADDRESS RIT 2

2 Al ADDRESS BIT 1

3 AO ADDRESS BRIT 0

4 vCcC FOWER SUPFLY +3

S CSo LOW ROM CHIP SELECT

6 Ccs1 HI ROM CHIP SELECT

7 R/7W READ/WRITE LINE

8 /IRQ INTERUPT REQUEST

T MUX ADDRESS MULTIPLEX CONTROL

10 /RAS DYNAMIC RAM ROW ADDRESS STROBE
11 /CAS DYNAMIC RAM COLUMN ADDRESS STROEBE
12 oouT SYSTEM CLOCK

13 COLOR CHROMA OUTPUT

14 OIN MASTER CLOCK

15 KO KEYBOARD LATCH 0
14 K1 KEYEOARD LATCH 1
17 K2 KEYBOARD LATCH 2
18 K3 KEYBROARD LATCH 3
19 Ka KEYBOARD LATCH 4
20 KS KEYBOARD LATCH 5
21 Ké KEYBOARD LATCH 6
22 K7 KEYBOARD LATCH 7
23 LUM COMPOSITE SYNCE AND LUMINENCE
24 yss POWER SUPPLY GROUND
25 DERO DATA BIT 0
24 DB1 DATA BIT 1
27 DE2 DATA BIT 2
28 DE3 DATA BIT 3
29 DEA4 DATA BIT 4
30 DBS ' DATA BIT S
31 IR DATA BIT &
32 DB7 DATA BIT 7
3 SND SOUND OUTPUT
34 BA BUS AVAILABLE
35 AEC ADDRESS ENABLE CONTROL
36 ALS ADDRESS BIT 15
37 Al4 ADDRESS BIT 14
8 A13 ADDRESS BIT 13
39 A12 ADDRESS BIT 12
20 ALl ADDRESS EBIT 11
41 A10 ADDRESS RIT 10
42 A? AODDRESS RIT 9
43 A8 ADDRESS RIT 8
44 A7 ADDRESS BIT 7
45 Ag ADDRESS BIT &
464 AS ADDRESS RIT 5
47 A4 ADDRESS RIT 4
ag A3 ADDRESS BIT 3



4.3,2 SIGNAL DESCRIPTION
ADDRESS BUS Fins 1 thru 3 and 36 thruy 48

The 16 bit address bus is bidirectional. As an inPut:s the
microrrocessor can 3ccess any of the 34 TED control redisters.
In the outruut mode TED uses the addresses to fetch Video
Matri» Pointerss, Attribute Fointers or character cell
infermation. For microprocessor interface TED resides in
locations FFOO=-FF3F in memorwy.

natTa EUS Pins 25 thru 36

The 8 bit dats bus is also bidirectional. The datz bus
sctivity canm be serparated into 2 catedories! microrrocessor
interface and video data interface during the 3bove
mentioned fetches.

KREYEOQOARD LATCH Fins 15 thru 22

The 8 bit kevboard latch is used a3s the kevboard interface.
Uronm instruction by the microrrocessor to write to the
keyboard latchy» the information on the keuwboard rpins is
latched by TED and stored until it is retrieved by the
microsraocessor on a3 read kegboard instruction. The

72460 3150 provides sctive pull urs on the keuboard matrix

lines.

KO and Ki (2 of the kewboard lines) also provide testins
fumctions.When these pins are externally driven to 10 volts,
thee m=rovide srpecific testing features. It should be noted
howeversy that these sins are high imredance 2nd if subdected to
igh energy electromotive fieldsr could cause false deneration
of the testing functions. This cam protected against through
use of diodes te insure the erotential on KO and K1 never
excedes VCC., KO dgenerates 3 sustem freeze functions and

setz 311 horizontzl fliep-flors to force TED into the dunamic
RAM refresh reriod and single clock. All flie-floers are

then relessed to s3llow their maniculation by the horizontal
register., K1 forces the internal clock division into the

NTSC mode.

CHIF SELECTS Pins S and é

TED denerates ROM chir selects based on address decoding.
CE0 isg active during the memory block of 8000-BFFF (HEX).
CS1 corresronds to COQO-FFFF (HEX) in memory. The ROM
zrea of memery czn be banked out to overlay RAMs see the
descristion of Redisters 3E and 3F (HEX),

DYHNAMIC RAM COMTEOL Fins 9 thru 11
TED zenerstes /RAS and /CAS for dunamic RAM 3ccess, The

ficnzl MUX i3 2lso demerated to externmally multirleyx the
RAH row and columm addresses,



READ/WRITE Pin 7

/W iz sm imPput to TED to distinguish the tuere of oreration
to be rerformed, TED will asctively rpull up the system read
lirne during 311 TED fetches. The read signsl is aqualified
with MUX. The =in is an orpen source ocutrput,

INTERRUFT Pin 8

The imterrust pin 15 a3n oren drain outeut. TED contains
four interrurt sourcest 3 internal timers and the raster
comre3arator.

FHI OUT Pin 12

For increased srocessor throughrut, TED doubles the freauency
of the sustem clock durind horizontal and vertical blanking,
The actusl sindle clock boundries 3re?

1) Raster lines 0-204 znd horizontal rpositions 400-344
2) Horizontal rositions 304-344

FHI IN ' Pin 14

For use in NTSC television sustemsy TED recquires a3 14,31818
MHZ +/=- 70 e2em single rhase clock inrput. For PAL sustems:
the inPput clock must be 17.734475 MHZ +/- 70 perm sindle
rhase. '

COMFOSITE COLOR Fin 13

The color outerut contains 3l1l1 chrominance information:
including the color reference burst signal and the color
of 211 disrplay data. The color outrut is aren source
and should be terminated with 1K ohmes to dground.

COMPOSITE SYNC AND LUMINANCE Pin 23

The luminance outrut contains 311 video sunchronization
2as well 3s luminance information for the video diserlavw.
The pin is oren drains requiring an external Ppullue

of 1K Ohm.,

SOUND Fin 33
Thiz 7in provides the outrput of the 2 tone denerators.

The outrzut must be intedgrated throwgh am RC network and
then buffered to drive an external sresker.



RUS AVAILAELE Fin 34

Bius Available indicates the state of TED with resrect to
video memory fetches., BA will g0 low during phase 1r 3
simgle clock cucles before TED rerforms any memory 3ccess
z2nd will remain low for the entire fetch.,

ATDRESS ENARLE CONTROL Fin 35

During double clock modes AEC is slways hidh 3llowinsg

the 7501 complete control of the sustem buses. For

sindle clock time reriodss when BA has not dgone lowr AEC
will togdgle with FPHIZ2 out, This 2llows TED PHIl1, time to
complete its memory 3ccesses of video dot information

while the 7501 eserforms durindg FHI2, When TED needs both
halves of the cucle to rperform its customary PHI1 dot
fetches and PHI2 attribute and rointer fetchess BA will do
low. On the fourth PHI1 out, AEC will remain low until the
ernd of the FHI2 video fetch.



4,4 ELECTRICAL SFECIFICATIONS

This section discusses some of the electrical eprorerties
and considerations of the 7360 TED chie.

4.4,1 ABSOLUTE MAXIMUM RATINGS

INPUT VOLTAGE (Vin) -2y to +7.0 VDC
SUFFLY VOLTAGE (Vcce) -2V to +7.0 VDC
OPERATING TEMF (T3) 0 to 70 ‘C
STORAGE TEMF -55 to 130 ‘C
INPUT LEAKAGE CURRENT -1.0 uA

ODYNAMIC CHARACTERISTICS Vce = 5.0V +/-5%
INFUT HIGH VOLTAGE (VIH) . Vss+2.,4V to VecctlV
INFUT LOW VOLTAGE (VIL) V§8-2V to Vsst+.8V
QUTPUT HIGH VOLTAGE (VOH) VSs+2.4V
{I0H=-200uA VCC=4.75VDC)

OUTPUT LOW VOLTAGE (VOL) VSS+.4V
(I0L=-3,2ma VCC=5.,23V)

MAX FOWER SUFFPLY CURRENT 250msa

4,4,2 VIDEDO VOLTAGE SFECIFICATIONS

CHROMA 0OUT ' 1Vp-» min., w/2VOLT OFFSET OPEN SOURCE
LuM OUT 0-5V (blankins = ,5V) OPEN DRAIN

4,4.,3 LUMINANCE LEVELS (R7)

LEVEL VOLTAGE

00 2.00 v
01 2.4 v
02 2.355 v
03 2+7 v
04 2.9 v
03 3.3 v
06 3.6 V
07 4.1 v
08 4.8 v



4.4.4

COLOR PHASE ANGLES

COLOR

BLACK
WHITE
RED
CYAN
MAGENTA
GREEN
BLUE
YELLOW
ORANGE
BROWN
YLLW-GRN
P INK
BLU-GRN
LT-BLU
DK-BLU
LT~-GRN

HUE PHASE (relative to SIN:y

NTSC

-

70
230

20
208
314
134

2?0
115
142

50
232
290
350
180

PAL

103
283

33
241
347
167
129
148
195

83
263
323

23
213

in dedrees)



4.3 GENERAL TIMING

This section exerlores the various timing considerations
and constraints related to the TED chire,

4,5.1 BUS TIMING

FARAMETER SYMBOL MIN MAX UNIT
TED ADDR SETUP TADS = 150 ns
INFUT DATA SETUF TDSU 50 - ns
INFUT DATA HOLD TDH 10 - ns
OUTPUT DATA STABLE TOSO 1460 -~ ns
OUTFUT DATA HOLD TDHO 80 120 ns
R/W STABLE PERIOD TRWS = 178 ns
MUX TO R/W SETUP TMRWS = 70 ns
MUX TO R/W HOLD TMRWH 30 - ns
CHIFP SELECT SETUP TCSS - 320 ns
CHIP SELECT HOLD TCSH. 70 - ns
AIDRESS HOLD TAH 60 ns

ADDRESS IN TRISTATE TADTH - 1335 ns



4,3.2 IMA TIMING

The 7340 eerforms [MA’s to fetch additional information to
maintain a video disrlay., Twice Per each row of characters,

(3 character beind defined a3s 3 cell 8 X 8 bits) to obtain

the attributes for each character and to obtain the character
rointer which points to where the charcter pattern can be
found, In bit mar modes these DMA’s still occurr but the
information is interrretted differentley. The secuenrnce of events
in @ DMA cycle are! 1)The swstem clock comes out of double
sreed for 1 cucle. At the same time AEC starts to todgles
3llowing the 7340 on the bus. 2)The Bus Available line dgoes
lows 3)Three cucles are diven to the 7501 to comelete

oreration before DMA bedgins., 4)40 cucles of single clock

where the 7360 is doing 2 fetches per cucle. S)RBA dgoes

high 2t the same time as AEC zllowing the 73501 back on the bus,
43 cucles follow of single sreed where the 7340 is endadged

in refreshing the dynamic RAM., 7)1é cuycles of double sreed
(eaquiv. to 8 cucles of single) 8) If last DMA w3s row B

of character: then IMA for row 1 of next character is initiated.
If screen is blankedy the 5 cucles of single sreed are still
=resent for dynamic RAM refresh.

4,3.,2,1 TED DMA TIMING (REFER TO 4.5.2.2 TED DMA TIMING DIAGRAM)

cycles time
TDOMA 40 46us TIME, DMA
THALT 3 3us TIME, HALT
TRFSH 1 Sus TIME, REFRESH
TDS 146 Qus TIME, DOUBLE SPEED
TS i lus TIME» SYNCHRONIZE

Ilizgram 4.3.2.2 rerresents the occurence of when two DMAs are
'back to back'., I.E. character row 8 [IMAsy then character row 1 of
the next character DMAs» sererated only bw one horizontsal

retrace.
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4.5.3 VIDEQ TIMING

This subsection discusses some of the prorerties of
the TED video section timind.

4,5,3.,1 HORIZONTAL TIMING

TIME

FERIOL NTSC PAL
TOTAL LINE 43,5 us 64 uS
H BLANKING ?¢3 = 11.5 S
H SYNC PULSE 4,75 +/- 0.5 S
FROMT PORCH 1.27 (MIN) us
EACK FORCH 3.81 (MIN) us
COLOR EBURST 8-11 CYCLES 3.58MHZ +/- 250 HZ
VISIELE LINE TIME 32-54 us
4,5.3,2 VERTICAL TIMING

: TIME

FERIOD NTSC PAL
TOTAL FIELD 20147 SEC
V BLANKING +0008-.0013 SEC
V SYNC PULSE 31.75 us
4 V. SYNC FULSES 190.5 us
EQ FULSE 2.54 us
SERATION PULSE 2.54 us

VISIBLE FIELD +015-,015 SEC
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THE 7501 MICROPROCESSOR

s — - ———— O

This section describes some of the prorerties and
functions of the tyre 7501 microprocessor.

o 5 | 7501 DESCRIFTION

The 7501 is an HMOS version of the 4502 family or more
specificallyy the 6510CBM. The 7501 is software
comratible with existing 6502y 6510 code.

The 7501 contains 3 7 bit bi-directional rort

used to directly drive the serial bus and cassette.
The rort is at location $0000 while the data direction
register is at $0001, The 73501 is Tri-statable and
throudh use of the AEC (3ddress enable control) line
and is used extensivlw in the TED shared bus conceprt.
OMA is accomplished using the AEC line and the RDY
line (czlled BA on TED), A control line is provided
(GATE IN) to hold of? the R/W line until /RAS m3akes
the tramnsistion from low to hi., This prevents the

Read lime from making an early transistion to the
write state which would cause a2n imerorer Early

Write Cecle to occur,



7501 PINOUT

J

PIN NAME DESCRIPTION
1 PHI IN SYSTEM CLOCK INFPUT
2 RDY DMA RQST

3 /1RQ INTERUPT RQST

4 AEC ADDRESS ENABLE CONTROL
5 vee POWER SUPFLY +5V,
s AO ADDRESS BIT 0

7 Al ADDRESS EIT 1

g A2 ADDRESS BIT 2

9 A3 ADDRESS EIT 3

10 A4 ADDRESS BIT 4

11 AS ADDRESS BIT S

13 ) ADDRESS BIT &

13 A7 ADDRESS BIT 7

14 A8 ADDRESS BIT 8

15 A9 ADDRESS BIT 9

16 A10 ADDRESS BIT 10

17 ALl ADDRESS BIT 11

18 A12 ADDRESS BIT 12

19 A13 ADDRESS BIT 13

20 GND POWER SUPPLY GROUND
21 A14 ADDRESS BIT 14

22 ALlS ADDRESS BIT 15

23 GATE IN R/W GATE

24 P7 PORT BIT 7

25 P& PORT BIT 6

26 P4 PORT BIT 4

27 P3 PORT BIT 3

28 F2 PORT BIT 2

29 P1 PORT BIT 1

30 PO FORT BIT 0

31 DB7 DATA BIT 7

32 DBé DATA BIT &

33 DES DATA BIT S

34 DE4 DATA BIT 4

35 DE3 DATA BIT 3

34 DE2 DATA BIT 2

37 DE1 DATA BIT 1

38 DBO DATA BIT 0

39 R/W READ/WRITE

40 RES RESET



5.3 7501 ELECTRICAL SPECIFICATIONS

This section describes some of the electrical
constraints and specifications of the sustem,

Fe3.1 MAXIMUM RATINGS

Reting Suymbol Value Unit
Suerply Voltage Vee -0.3 to +7.0 Vdce
Inrput Voltase Vin -0.3 to +7.0 Vde
Orerating Temrperature Ta 0 to +70 c

Storace Temperature Tstd -39 to +150 c



T+3.2
Characteristic

InPput High Voltade
PhiO(in)
/RES»PO~-P7»/IRQsD3ta

Ineput Low Voltase
FhiO(in)
/RESsPO~FP7:/IRQsDatsa

InFput Leskade Current
(Vin=0 to S5.23V,
Vee=3,25V)

Lodgic
Phio(in)

3-State(0ff) InPp. Cur,
(Vin=0.4 to 2.4V,
Vee=5.,25V)
DPata Lines

Quteut High Voltage
(IOH=-100uAdcy
Yece=4,75V)
Dat3rA0-A15sR/WsFO-P7

Qutput Low Voltade
(IOL=1.6mAdcy
Vce=4,7%V)
DatarA0-ALSsR/WIFO-P7

Fower Surpeply Current

Carpacitance
(Vin=0,T3=25 C»
P=1MHz=)
LagiecsFO-F?7
Iata
AO0-A7
Phil
Fhi2

ELECTRICAL CHARACTERISTICS

Sumbol Min
VIH
VUss+2.4
VUss+2.,2
VIL
Vsg-0.,3
Iin
ITSI
VOH
Vss+2.4
VoL
ICC -
Cc
Cin -
Cout -
Cout -
CPHi1 -
CPHi2 -

Tue

Mau

Vee

Vss+0.9
Vss+0.8

10.0

10,0

Vss+0.,4

——

10
15
12
S0
80

Unit

Vde
Vde

Vde
Vde

up
uA

uA

Vdc

Vde

mA

rF
PF
FF
aF
rf



S.4 SIGNAL DESCRIPTION

CLOCK ( PHI 0 ) - This is the dusl srpeed system clock and
is a3 standard TTL level input.

ADDDRESS BUS ( A0 - A13) - TTL outrput. Carable of driving 2 TTL loads
at 130 rf,

DATA BUS ( DO - D7) - Ri-directionzal bus for transferrind data to
and from the device 3nd the rerirherals. The outruts are
tri-state buffers carable of drivind 2 standard TTL loads
and 12Z0=f.

RESET - This inrut is used to reset or start the urprocessor from
2 rpower down condition. During the time that this line
is held lows writindg to or from the ueprocessor is inhibited.
When 3 rositive edde is detected on the ineruts the uprocessor
will immediatly bedin the reset secuence. After a2 sustenm
initislization time of & cycles» the mask interust
flag will be set and the processor will lozad the program
counter from the contents of memory locaztions $FFFC and $FFFD.
This is the start locztion for erodgram control. After VCC
reaches 4,73 volts in 3 rower ue routiner reset must be held
low for 3t least 2 cucles. At this time the R/W line will
become valid.

INTERUFPT REQUEST (IRQ) - TTL ineputs» request that the eprocessor
initisate an interrurt sequence. The Processor will
complete execution of the current instruction before
recodrnizing the request, At that timer the interrurt mask
in the Status Code Register will be examined, If the interrupt
mask is not set» the rprocessor will bedin an interrurt
sequence., The Prodram Counter and the Processor status
redister will be stored on the stack 3and the interruet
dizable flad is set so that no other interrurpts can occur.
The eprocessor will then load the Prodram counter from
the memory locationz $FFFE and $FFFF.

ADDRESS ENAELE CONTROL (AEC) - The Address Bus is only valid when
the AEC lime is high., When lowr» the zddress bus is in 3
high imeedance state. This a3llows easy DMA’s for shared
bus szstems,

I/0 FORT (PO-F4:F4:P7) - Ridirectionasl rort used for transferring
dats to 3nd from the =rocessor directluw., The Data Outerput
Register is located at location %0001 and the Data Direction
Redister is located at location $0000.

R72W = TTL level output from erocessor to control the direction
of data transfer between the rrocessor snd memory,
rerirheraler 2te., This line ice high for reading memory
2rnd low for writindg, This line is latched by the Gate In
lirne to zwchronize between = [IRAM memor=z cucle and the
mrocessor cloeck ecvcles, If AEC is low when Gate In makes a
lew te hizn transitiomy the R/W line will do0 to 2 high
imredence until the next transition of the Gate In line
arnd AEC is hizh prior to the transition.



GATE

IN

- TTL level inecutsy used to date the R/W line to prevent

the R/W line from doing low duringd 2 read cucler before

RAS and CAS 2o hidh (resultind in 3 Read/UWrite cycle).
Noermally connected to the MUX line in 3 system confiduration
to swchronize the DRAM memory cucle to the srocessor

clock cucle.

FOY - Readws., TTL level inFrut, used to DMA the 7501, The eprocessor

orerates normally while RDY is high. When RDOY makes 3
trensition to the low stater the processor will finish
the oreration it i3 orms 2nd 3ns subsequent orerstion
if it is a write cucle. On the next occurence of

read cycle the rrocessor will halt, making it

rpossible to tri-state the =rocessor to g3in comrlete
zccess tc the sustem bus.



FROCESSOR TIMING

o

This section exrlores the timining considerations of the
7501 erocessor unit.

gl TIMING CHART

o

Q o

Electricsl Characteristics Vee = Sy + 3%y VUss = Ovy TA = 0 C to 70 C

Characteristic Sumbol Min Max Units
MUX imrut high TMH 40 110 ns
AEC setur time TAEC 29 40 ns
MUX to RW setus or tri-state THRWS 70 ns
MUX to RW hold TMRWH 30 ns
Ur data setus from PHO TMDS 130 ns
Ure write data hold THW 60 ns
Usr data setur from Mux TMXDS 120 ns
Datz bus to tri-state from MUX TMXDT 30 ns
Datz bus to tri-state from AEC TAEDT 120 ns
Read data stable TDSU 40 ns
Read data hold THR 490 ns
Address setus from PHO TADS 40 150 ns
Address hold THA 40 ns
Address setur from AEC TAADS 735 ns
Address tri-state from AEC TAEAT 120 ns
Port imput setur TPDSU 105 ns
Fort ineput half TPDH 435 ns
FPort outrut datz valid TPDW 195 ns
Cucle time TCYC 500 ns
FHO(in) rulse width @1.5v PWHPHO 250 275 ns
PHO(in) rise time TRFPHO 10 ns
FHO(in) fall time TFPHO 10 ns
RIDY setur time TRDY 80 ns
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5.5.2 7501 TIMING DIAGRAM
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6.1

DYNAMIC RAMS

. —— -

This chapter covers the constraints and features of
random 3ccess memories used im the TED sustem,

ELECTRICAL SPECIFICATIONS

INPUT VOLTAGE (Vin)
SUFPLY VOLTAGE (Vce)
OPERATING TEMP (T3)
STORAGE TEMP

INPUT LEAKAGE CURRENT
DYNAMIC CHARACTERISTICS
INPUT HIGH VOLTAGE (VIH)
INPUT LOW VOLTAGE (VIL)
OQUTPUT HIGH VOLTAGE (VOH)
(I0H=-200uA VCC=4.735VDC)
QUTPUT LOW VOLTAGE (VOL)
(I0L=-4,2ma VCC=5,23V)
MAX POWER SUFPLY CURRENT

-1V to +7.0 vDC
-1V to +7.0 vDC

0 to 70 ‘C

-35 to 150 ‘C
-10.0 uA

Vee = 5.0V +/-5%
Uss+2.,4V to Vee+lV
VssS-1V to Vss+.8V
VSS+2.,4V

VUSS+. 4V

80ma



6.2 CHARACTERISTICS

This section covers some of the characteristics of
the 44K by 1 bit RAM that is used in the TED 64 sustem,

6.2.1 FACKAGE FINOUT

FIN NAME DESCRIPTION

1 NC

2 Iin DATA IN

3 /WE WRITE ENABLE (ACTIVE LOW)

4 /RAS ROW ADDRESS STRORBRE (ACTIVE LOW)
g AQ ADDRESS RIT 0

& AR ADDRESS RIT 2

7 Al AIDRESS BIT 1

8 vVCe FOWER SUPPLY +35

@ A7 ADDRESS RIT 7

10 AS " ADDRESS RIT S

il A4 ADDRESS BIT 4

12 A3 ADDRESS BIT 3

13 Ab ADDRESS BIT &

14 Dout DATA OUT

139 /CAS COLUMN ADDRESS STROBE (ACTIVE LOW)
146 Vss FOWER SUPPLY GROUND

6.2.2 SELECTION CRITERIA

The TED swystem uses low cost 200 ns access RAMs.
Quslified parts must meet 2311 timing rParameters as
specified in section 6.3.1 *"TIMING CHART® and 4.3.2
"TIMING DIAGRAM®.



6.3 TIMING

This section illustrates th i e
constraints in dealing with DRAM. PROLIg bk



DRAM TiMING DIAGRAM
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74 THE USER PORT

This charter details the sustem User Fort.

Zol DESQRIPTIUN

The USER FORT is included to allow various terminsal
arnd modem devices to connect to the TED sustem. Transmission
and receetion is via 3 6351 ACIAsy with handshakind assistance
from 3 4529 single rort device. The 4551 and the 4529 are each
accessaoble to the TED sustem in softwarer thus 3llowing their
srogramming for various arrlications.

The 4551 ACIA is enabled by addresses $FDOQ to
$FDOF., The least significant two bits of the address will
choose the modes which maw be set for transmit/recieves recieve
statuss or programming of either the command redister or the
control redister., Similarlyy the 4329 is activated by the
addresses $FD10 to $FDIF., It rermits seven bits of either input
or outruty derpending uron the status of the Read/Write line. The
eighth bits bit two to be exactr is used 3s the cassette sense
inrut. It maw be rossible to utilize this bit if certain
=recautions are taken in software., ( I.E. Insure that cassette
sense is not drounded,)

The User Port itself rrovides access to various signzals
gernerated by these two chirsy in addition to the ATN and Buffered
Resaet (BRESET) lines of the TED sustem., The rort 3lso rprovides
droundr +5VDC and +9VAC for use b3y connected devices.,



£

FIN

vaoNcCcAs»WRLZIrZCTTIMDO0ND

FHYSICAL PINOUT

NAME

GND
FO
RxD
RTS
DTR
F7
nco
Fé&
CTS
DSR
TxD
GND
GND
+5
/BRESET
P2/CST SENSE
o
F4
PS5
RxzC
ATN
+9?
+9
GND

DESCRIPTION

Ground
I/0 Port

Rit O

Recieve Data
Request to Send
Dats Terminal Ready

1/0 Port

Bit 7

Data Carrier Detect

I/0 Port
Clear to
Data Set
Transmit
Ground

Ground

+5 viC

Buffered
1/0 Port
I/0 Port
I1/0 Port
I/0 Port

Bit 6
Send
Ready
Dats

Sustem Reset
Bit 2
Bit 3
Bit 4
Bit 3

Recieve Clochk

Attention

+9 VAC
+9 VAC
Ground

DIRECTION

Input/Cuterut
Inerut

OQutrput
Quteut
Input/Outrput
InPut
Input/Outrut
InFut

InFrut

Outerut

- ———
- - —— - —

- ———

Outrput

Input/0utrut
Input/Outrut
Input/Outeut
Input/Qutrut
Input/0Outrut
OQuteput



7.3 ELECTRICAL SFPECIFICATIONS

170 Parts (POsP2..P7)

These ports are casable of drivind up to four TTL ture
laads each in outrut conftiduration.

Fuffered Reset (/BRESET)

- ———— - —

The buffered reset line is carable of drivind at least
ogne TTL level losd. It c3n drive 3 total of ten TTL loads
between the User Port, the Serial FPorts and the Exeransion Fort.

Attention (ATN)

- s .

This line is carpable of driving at least one TTL level
load. It can drive 3 total of ten TTL loads between the User
Fort amd the Serial Port.

Recieve Data (RxD)

- ——— . . ———

The Recieve Data input may be driven by 3 single TTL
level driver.

The remainind data inrputs are buffered by TTL buffers.
Each may be driven by 3 sindle TTL level driver. CTS is sensed
via 6529 under software control.,

Recieve Clock (RxC)

. — - —— -

The Recieve Clocks when 3cting 3s an outeputs can drive
8 sindle TTL level loazd: As an inputy it must be driven by at
least one TTL level load.

Transmit [Dats (TxD)

The Transmit DNata outreut is carable of driving 2 single
TTL level load.

Other OQutmuts (RTSy DTR)

T L L T T

The remainind outputs are each buffered by 2 TTL buffer:
thus each of them will drive ten TTL level loads.,

. G -

The five volt source is redgulated [Cy carable of surerluing
100 mA worst case.

Mine wvolt source (+9)

The nine volt source is an unredulated nine volt (RMS)
surrly, carsble of superluying 3 worst case current of 400 [OC mA.



7.4 TIMING

FARAMETER SYMBOL MIN MAX UNIT
T I rrrirr+ i 2 - - 4 5 5555
Tranemit/Receive Teey 400 - ns
Clock Rate

Transmit/Receive Tch 1735 - ns

Clock High Time

e S S e e S S e S S — -

Transmit/Receive Tel 175 - ns
Clock Low Time

——— i —— . ———— T ——— " — -

XTALl to TxD Tdd = S00 ns
Proragation Delay

e et e R ——

Froepadation Delayv Tdly - S00 ns
(/RTSs /DTR)

/IRQ Proradgation Tira - 500 ns
Delay (Clear)

sTa.ATY X;

-
G
ICLEAR)

Interrupt and Output Timing

! teey

ATALT .
I TRANSMIT \ |
CLOCK iNPUT) [ it
- L1
~ ""‘I T

- C —

NOTE: TuO ram s 1/18 TaC roee. NOTE: AzD revw i3 118 RxC rame.

Transmit Timing with External Clock Receive Externsl Clack Timing



06351y 4529 TIMING

PARAMETER SYMBOL MIN MAX UNIT

SRS Em S S S SRS T SN oESCSESSS=S=SmSES=====

PHI 2 PW PWO2 248 330 ns

ADDRESS SET TACR 72 - ns

UP TIME TACW

ADDRESS HOLD TCAH 25 - ns
TCAR

R/W SETUP TWCW 71 — ns
TWCR

R/W HOLD TCWH 9?3 = ns
TWCR

DATA BUS TDCW 148 - ns

SETUP

READ ACCESS TCDR 195 - ns

READ DATA THR 35 - ns

HOLD

Write Cycle

NANW

RN

DATA BUE 32}

Read Cycle -
B P —
———
ald _—-—_} \ j "
‘._ gy — tean.

D ——— W
o, €5y, NSy, AL, w ! N N\ w.
L i
[ v\.

DaTa BUS

I



PLA PROGRAM CHART

7.6

210
A

3
A

OOOOO

FUNCTION

— S e . ——— - - ——

ol t T 1 Tx 1 X!
-l 1 TxTXTXT I XX
4t 1 1T TXTXTXXTX

PRODUCT TERM
VARIABLE

INPUT

=Q0 1 I TTIIXT
@l I TTTETT
e e
L e " T N (RN R R U I RN O B |

et T T I R ———

owwo T L N = I o I 4

a T -0
o
0N~
=R~

0

w» L o X

w» 0o X

0O Jdx L B TE =1 =] 4
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¥ Wox
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8, THE VIDEO SECTION

R ———— b e ]

8.1 VIDEQ INTERFACE

The TED viedo interfsce hardware 3llows the connection of a
standard NTSC or PAL commercial television and/or 2 color monitor.
The monitor m3y sccert either 3 comrosite video signal or serarate
chroms and luminance/sync sidnals in addition to an audio signal.

8.2 MODULATOR SFPECIFICATIONS

The modulator provides 3 broadcast tuepe RF signal carrvying
the composite video 3nd audio signals., The NTSC modulator is
switchable between channels 3 and 4 to helr minimize local
broadcast interference., The signal generated by the RF modulator
comrlies with FCC rulindg concerining FCC Class By TV Interface

llevices.,
8.3 MONITOR OQUTPUT

The monitor output Fprovides the following signals!

Luminance/Sync 1V p-p 79 ohms
Chroma 1 V p=p 75 ohms
Audio 1V p-p

Comrosite 1V p-p 75 ohms



8.4 VIDED CONNECTOR PINOUT

The video cornnector sprovides the following sidnals?

FIN SIGNAL
Luminance/Sync
Ground

Audio Qut
Composite
Audio In
Chroma

N.C.

N.C.

L s BN I - P S



9, THE SERIAL BUS

9.1 SERIAL BUS SPECIFICATION

DATA BYTES

READY = TG =SEND
TALKER SINDING

Ulﬂf S U L_I—IIL

- a3 b
””_JUUU"' g | L1
JATA vALID — p-;--t"Hlb-—

LISTENER READY-FOR-DATA L 5)engr D2TA-ACCEPTED

SERIAL BUS TiMING

SYMBOL| MIN | TvyP MAX.
ATN RESPONSE (REQUIRED) D | Tar @ =— = = |100Qus
_:STENER HOLOD -OFF w | e | - oo
NON-EOI SESPINSE TO A0 @ | Tne | — 40,.s | 20Q ps
BIT SET-UP TALKER @ Ts 20us | 7Qus i
ATA VALID Ty 20us | 2Q.us -
FRAME HANDSHAKE @ Te @ 20 1000 s
FRAME TO RELEASE TQ ATN T 2@ us - -
BETWEEN BYTES TIME Tag 10Qus |  — -
EOT RESPONSE TIME Tyg | 200us | 25@us| —
EQl PESPONSE HOLD TIME (B T 60 us - —
TALKER RESPONSE LIMIT Tay 2 3us | 6Qus
8YTF - ACKNOWLEDGE @ TeR 2Qus | 30us -
TALK - ATTENSION RELEASE Trx 20us | 30us | 100us
TALK - ATTENS-ON ACKNOWL-DGE|  Tye 2 - -
TALK ATTENSION AC<. HOLD Toa SQus — -
EQI ACKNOWLEDGE Ter 6Qus = =

® Tz, MIN. MUST BE 8@ «s FOR EXTERNAL DEVICE TO BE A TALKER.
87\, AND Tpa MIN MUST BE 6Qas FOR EXTERNAL DEVICE TO BE A TALKER.
IF MAX, TIME EXCESDED, FRAME ERROR.
IF MAX. TIME EXCEEDED, EOl RESPONSE REQUIRED.
%u-' MAX, TIME EXCEEDED, CIVICE NOT PRESENT ERKOR.

- NOTES:



I-——EYTE SENT UNDER ATTENTION (TQ CEVICES) —‘i ’-— NORMAL DATA BYTE:

N i

TN ——'[

[_ i—TALKEFJ READY - TO

: TALKER SE
¢TocK | — A
| UUUauuuT [ HLJ_HL_[-U_
- -—Ty !":\"{‘Sm : — ; ~ e
5 ANNT 1 0 O
st Tag L GATA vAL:D i Tz - —-{THJ © JATA vAL
LISTENER READY- FOR-LA.A JISTENER L _ STENER READ
DATA =
AZCEPTED

END-QR-IDENTIFY HANDShHAKE (LAST BYTE IN MESSAGE)

b =4
—
4

TALKER READY-TQ - SEND
r ~TALKER SENDING

— _FLFLFLI’TJI_ {I LU Lﬂﬂﬂf _IL_II
T8 Mo
T EEEE L 1T
—“ITH }-—*YE 4,79 rfmi—- —=Te [T
LLISTENER READY-FOR-CATA  “SYSTEM

EQL - TIMEQUT HANLDSmAKE INE
- _ISTENER RZADY -FQP -DATA RELZASE

TALK -ATTENSION TURN ARCUND (TALKER => LISTENER TQO LISTENERP <= TALKER)

3

DEVICE ACKNOWLEDGES IT 1S NOW TALKER
r - TALKER REAL-TO- SEND

eyt U,
HE AI**H..F‘“"P'

L AT e ]
F— L -:’h*- -'m"*

L qeapy FOR DATA
BECOMES LISTENEKN
CLOCK = HIGH, CATA LOW

9.1 CONT



9.2

GERIAL BUS CONNECTOR FINOUT

Type

busuu._.;

SERIAL SRQIN
GND

SERIAL ATN IN/OUT
SERIAL CLK INJOUT

SERIAL DATA INJOUT

RESET




10, THE EXFANSION ERUS

10,1 EXFANSION BUS PINOUT

FIN NAME PIN NAME
1 GND A GND
2 +5 B CiLOW
3 +S c /BRESET
4 /IRQ D /RAS
5 R/W E FHIO
é CIHI F Al1S
7 C2L0W(reserved) H Al4
a3 C2HI(reserved) J Al13
9 /€81 K Al2
10 /C80 L All
11 /CAS M Al0
12 MUX N A9
13 BA P A8
14 D7 R A7
13 Dé S Ab
16 1} T AS
17 D4 u A4
i8 D3 v A3
19 D2 W A2
20 Di X Al
21 Do Y AQ
22 AEC Y4 NC
23 EXT AUDIO AA NC
24 PHI 2 BB NC

25 GND cc GND



10.2 EXFANSION CONNECTOR SIGNAL DESCRIPTION

A0 - AlD
no - 07
/CS0,/CS1
CiLOW»C1HI
/RAS

MuX

/CAS

RA

FHI 2

R/7W
/IRQ
/BRESET

EXT AUDIO

SYSTEM ADDRESS BUS - UNEBUFFERED. OUTPUT.

SYSTEM DATA RUS -UNBUFFERED. OUTFUT.

INTERNAL ROM CHIF SELECTS. OUTFUT.

EXTERNAL CARTRIDGE CHIP SELECTS. ACTIVE LOW. OUTPUT.
DRAM ROW ADDRESS STROBE. OUTPUT.

IRAM ADDRESS MULTIPLEX CONTROL SIGNAL. OUTPUT.

DRAM COLUMN ADDRESS STROEE. QUTPUT.

BUS AVAILABLE. LOW FOR DMA. OUTPUT ONLY.

ARTIFICIAL PHI 2. ADDRESS VALID RISING EDGE.
DATA VALID FALLING EDGE. QUTPUT.

SYSTEM READ WRITE LINE. OUTFUT.
INTERUPT REQUEST. INFUT.
BUFFERED RESET. OUTPUT.

EXTERNAL AUDIOD, INPUT, 1 V p-» FULL SCALE.
AC COUFLED.



11. REAL' ONLY MEMORY

11.1 SYSTEM ROM DESCRIFTION

In & tzsic configurations the TED orerzting sustem
resides in 32K of read omly memorw contained inm two 16K X B
FOM. The KERMAL resides in the urpper 14K ROM (referred to
ss HIGH ROM) and some of the lower 146K ROM (LOW ROM).
The Kernals by definitions is the orerating sustem of the
comruytery with fixed entry =oints into usable subroutines
to fecilitate use by hisher level prodrams. The entru table
for the Kernal is located sbove the 734640 in memory, ($FF40 -
$FFF?) Contained in the sepace zllocated for the Kernsl is the
character ROM at location $DO0O - $D7FF., °*BRASIC" is
contained in the lower ROM not uted by the Kernal.

11:2 BANKING ROM OPERATION

Although the suystem can only 'see® 212K of ROM
at 2 timer ur to 44K can be installed on boardr with
an additional 32K on as external cartridde, This
is possible using the scheme krniown 2s "banking®.,
Banking is zccomeplished by writtind to thee address
rande of $FDDO - $FDDF. When 3 write to this address
range occurey the lower four bits of the address bus
select 2 of 8 banks (each 16K), Refer to the chart below,

Al Al RANK

0 0 low internal #1, "RASIC®

0 1 low internal #2» °"FUNCTION LOW®
1 0 low external #1» °"CARTRIDGE LOMW®
3 1 reserved

A2 A3 BRANK

0 0 hi internal #1» "KERNAL®

0 1 ni internal #2, "FUNCTION HI®

1 0 hi external #1y °*CARTRIDGE HI®

1 1 reserved

Even whern the Kernal is banked outy rpart of
the Kernal remains accessable. This is the part of
the Kernal that does the actual banking and is loacted
in the address rande of $FCO00 to $FCFF. This section
of ROM will rnot assert itself if ROM is banked out

for RAM.



11.3

ROM ELECTRICAL SFEC
Absolute Maximum Ratindgs

INFUT VOLTAGE (Vin)

SUFPLY VOLTAGE (Vee)
OFERATING TEMP (Ta)

STORAGE TEMP

I.C:. Characteristics

INPUT LEAKAGE CURRENT
DYNAMIC CHARACTERISTICS
INPUT HIGH VOLTAGE (VIH)
INFUT LOW VOLTAGE (VIL)
OUTFUT HIGH VOLTAGE (VOH)
{I0H=-200uA VCC=4,75VDC)
QUTPUT LOW VOLTAGE (VOL)
(IOL=-3.2ma VCC=35,25V)
MAX FOWER SUPPLY CURRENT

=-+3V to +7.0 VIDC
-oSU to +?00 vnc
0 to 70 ’C

-53 to 150 ‘C

=10 uA

Vee = 5.0V +/-5%
Vss+2,4V to Veeo+liv
Vs8-,5V to Vss+,8V
VSS+2.4V

VSS+.4V

120 mA



11.4

FIN

VOO S )

23128 ROM FINOUT

NAME DESCRIPTION

NC

Al2 ADDRESS BIT 12

A7 ADDRESS RIT 7

Ad ADDRESS RIT 6

AS ADDRESS BIT S

A4 ADDRESS BIT 4

A3 ADDRESS BIT 3

A2 ADDRESS BIT 2

Al ADDRESS BIT 1

AD ADDRESS BIT 0

no DATA BIT O

D1 DATA BIT 1

na DATA FIT 2

GND FOWER SUPPLY GROUND

03 IATA BIT 3

L[4 DATA BIT 4

Dns DATA BIT S

Dé DATA BIT 6

D7 DATA BIT 7

/CS CHIP SELECT / ACTIVE LOW
Al0 ADDRESS BIT 10

/CE CHIP ENABLE / ACRTIVE LOW
ALl ADDRESS BIT 11

A9 ADDRESS BIT ¢

A8 ADDRESS BIT 8

Al3 ADDRESS BIT 13

CS or CE CHIP SELECT OR CHIP ENABLE / ACTIVE HIGH

vcce POWER SUPPLY +5



11.3 ROM TIMING SPECIFICATION

FARAMETER SYMEOL MIN. MAX,
ACCESS TIME TACC 300 - ns
OUTFUT ENAELE TOE 120 - ns

Mote! TACC availzsble from system is 338ns and TOE available is 120ns.

ADDRESS /s /
' -
el NVALID :T\ VALID :)T INVALID

|

CHIP
SELECT DISABLED | -4 ENABLED | e el
INPUTS |
! et Tco. :
. HIGH
N 3 IMPEDANCE

OUTPUTS  |MPEDANCE
I-——— Y o AR ——



THE KEYEROARD

KEYBROARD CONNECTOR

NAME

LS
K7
GND
+3SV
D7
K4
i
KS
Ké
I3
D2
D4
K2
K1
bé
K3
KO
no

DESCRIFTION

DATA RIT S
KEY LATCH BIT
LED GND

LED +5VOLT 20ma MAX.

DATA BIT 7
KEY LATCH BIT
DATA BIT 1
KEY LATCH BIT
KEY LATCH BIT
DATA BIT 3
DATA RIT 2
DATA BIT 4
KEY LATCH BIT
KEY LATCH BIT
DATA BIT 6
KEY LATCH BIT
KEY LATCH BIT
DATA BIT 0

PINOUT

7

4

3

é

-



12.2 KEYBOARD MATRIX

[ S—

JHIFT LOCK

e
S W

KEY MATRIX

3
b
b
el
B’
) 4 x C
(o) NW: MG = ) S D W
i K N =
(2356 SoXb >4 Td ~d b U
w .
(Q- To—¢ ) W e M’ S MTI
: S| | «f =] ~| o
@ S "H——d—o $+$LT! @
NESEYR IR M U
(D)4 2020—0"0-"0—0—6
NP NS N N
~ o -
@ERRVEOO® OO



12,3 KEYBOARD ELECTRICAL SPECIFICATION

iy MAXIMUM RATING 1290Cy 200uS FULSE WIDTH 1/50 DUTY CYCLE
ima
2)Y CHATTERING SmSEC INITIALy 10mSEC OVER LIFE

2) CONTACT RESISTANCE S00 OHM MAX.

4) CAFACITANCE 100=f MAX

5) INSULATION RES, SOM OHM MIN.
6) WITHSTAND VOLTAGE 250VAC 1min,
7) OPERATING FORCE 652 TYP.

ZERO TRAV FORCE 15+/-10d4 AT .Smm TRAV

FULL TRAV FORCE 90+/-25¢ AT .S5mm ABOVE FULL TRAV

8) OFERATING LIFE S00 MILLION TIMES
FUNCTION KEYS 300 MILLION TIMES
9) OFERATING TEMP -5 - +50 ‘C

10) STORAGE TEMF -20 - +45°C



13 THE CIRCUIT ROARD
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13.2 PARTS PLACEMENT
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Lec
2500 "

REFEREMLE
PARAMETER  SYMBOL  ¢MN MAY UMT SHeeT  SYNONYM LOTES 1 EGuaTons

ADDeess ceTU P FOOpug TaDs HA (150 | ns | 7sor o 1

ADDRESS HoLp TAH e | — |hs | ssmsrec|  Tag

ADORESS SuToP Ff Ao THADS - 75 Ins | 3 sec Soll SPMED
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