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This document contains information concerning the architecture,
hardware descrirtions timing analusis, rperirheral srpecification
snd driving software descrirtion for the Commodore sustenm based
on the 7360 I.C. (hereafter referred to 3s the TED I.C.) and the
TED system. This document does not attemert to fully describe
software asrects of the TED system and information concerning
this subJect can be found in the arprorriate documents listed

in section II.



1. SYSTEH OVERVIEW

The TED system is based on the 7501 microerrocessors which is

3n HMOS version of the 6510s working in condJdunction with the

7260 Ted wideo rrocessor. Suysten RAM consists of 44K bwtes of
dvnamic RAM comrosed of eight &4k X 1 devices. System pProdram is
ccntsined in two 146K X 8 ROHsy and in it’s standard configuration,
consists of Kernal snd Racsie version 3.5 , The current
imrlementation of the architecture for the Ted system suprorts uyr
to 128K X 8 of ROM barnked ir 14K seclions. ROM can be completely
banked out and RAM banked in for a true 64K of RAH (minus two 25¢
bute =ages)., This allows 40,471 buytes available for Basic. The
ROM/RAH banking ie controlled by the 73460 under csoftware

control.,

Kevboard scarmnning is dore by outrutting the row
data on the Data bus while addressing 3 particular redister in
Tedr which will in turn cause Ted to latch the column information.,
Josstick scanning is done im the ssme marmner.,

Ferirherals consist of standard serial bus Froductsy (1541
disk driver seriazl eprinter, ect.,) cassette, TTL Serizl ASCII which
is intended to drive an RS-232 zdzster. The exrpansion Port suprorts
ROM cartridzes and a3 rarallel disk drive interface.

SUHHARY OF TEL SYSTEM FEATURES

= 7301 ( 4502 comartible) B bit CPU
- 73&0 VLSI videosr voicer DRAH conmtroller
- S$4dKEute RAHM
- 3ZKNHEvte ROM for wuse in Kermzl and Easic
3ZNEwte ROM for Function Kevw softuare
- 32KEvte ROM for Cartridge coftuare
- Version 3.5 EBasic with advanced grarhics and nos
( compatible with Cé4 )
- 40 X 25 diseplay with 128 colers
- I20 X 200 ¢rarhics resolution
Vioices and white noise
1 Fewus including function kevs
- Zzveen Editor with virtwal windows
= D3l sm29d zwstem clock for ircreased Processing throushrut
- Eternsl rower surerly (same as cé4)
w24 chis county high sustem intedration

e )



2y SYSTEH ARCHITECTURE

- —_———— o — e ———

The Ted system emrloys 3 shared bus concert which allows
the video rprocessor and the microeprocessor to sccess the same
memory and I/0 devices on alternate halves of the svstem clock,
Bus access control is dernerated by the 7360. To increase
microrrocessor throudhrutr when this interleaving is not needed,
the system cloch doubles in freauency and the microrroccessor
is 3llowed full time on the bus. This occurs when no video
information is heing fetched by the 7340 (horizontal or vertical
retracer blank screen)., There is an e:xcertion to thissy and that is
when the 7340 IHA’s the 7501 micro to accomelish attribute fetch
and character pointer information.

Il'yrnamic RAM control =iznals are denerated by the 7340,
/RAS is dernerated ornce esch memory cycler while /CAS is
dgenerated derendindg on whether the memory cucle is a IIRAM memorwy
cycle or not, HUX is dernerated to control the multirlex of
the Fow and Column addresses doing to the [RAMs. HUX also
cantrols the holdoff of the R/W line as denerated by the 7501,
The R/W lin= is latched by the 7501 until the HUX line does high
signifwind the end of the memory cycle. Refresh is pravided by
the 72160, refreshind 5 row locations (RAS only refresh) every
raster line.

Celection of either ROH or RAH is accomplished by
writing a bit in sz Ted register, When RAM is selected: the
whole &£4N memory mer 1s comerrised of RAM with the exception of
2 resisters for 7301 Ports 1 Pzade for Ted control redisters;
and 1 r2de for I/0. This method vields 4054671 butes of RAN
availsble for Rasic prodram storade., Whern ROH is selecteds; the
rrogrzm residing in ROM arpears in place of RAM. The excertion
to this is a write oreration to ROH will 3lwavs 'bleed through
tc underlying RAM.

Kermzl and Basic can also be selectivlvy swapped out
and rerlaced uith other 16 K sections of ROM. 2 sockets are
Frovided internzllv for arplication prodrams (reffered to as
function key software) and address srace is allocsted for
2 ROHs external to the sustem ( cartridge user ect.).
fwarrindg is takern care of by a Kernal routine that does not
swz2F outs (located at $FCOO ).



The cacsetle rort and the Commodore serial bus port
are imrlimented using the zero rade ports available on the
7301 and using software control of harduare handshake,

The serial bus works with Commodore serial camponents:
excert for older rerirerals that have 2 handshake timing
sroblem.

The User Port is intended for external RS5-232 adarters:y
2nd modem adarters. Transmission and reception is accomplished
using 3 6551 ACIA with handshaking assistance from a 6529 sindgle
rort I.C.

The Jovstichk rorts are functionally comratible with the
standard Commodore S suwitch tuse Jouystick. Thew are not compatible
with analog tuyre rerirherals such as raddless tablets, etc.,r as
well as rniot being rin comrpatible.

The video connector has comrosite video as well
5s sererate chrome and luminarce outrputs for use Wwith monitors.
The 1701y 1702 tyre Commodore monitors interface directly to
this cornrnector,

The RF outrut Jachk surplies an RF sidgnal compatible
with the regulations epertzining to TV interface devices:
and is switch selectible between channels 3 and 4. Foth
MT3C and FAL telewvision standards are surported.

T SYSTEH SFECIFICATIONS

This section covers the rande of svystem operation by
discussingd various constraints and features of the TED system sas
3 whole. Included are descrirtions of the sustem as configured
and limiting fTactors of rowers loadings and environment.
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T Exrzrua crenss]

$FFy RAM, RERVAL, T FoneTiont Hy
SErge TED REGISTIAS TED REHSTERS TEY) RESTERS i
sregg | Vo (DIsK) Yo(ouKl V6 (oige)
srome | VWO Yo Yo
$reop | NOA-BANKING KERMAL. Nons
Soasa M ' -
orer CHARMLTI R
KERNVAL FUNCT(p
Hl
$A00Q___ L
FUNCTION)
Low
AAsIC
RAM
53000 —_— e = ey - —— — =
$IcEE
TEXT SCREEN
$epg
Cowok + ATTRIBUTE
5908
is80 KERMAL yaalBLEY
BAGC VRRIBLEG
§ 2.8¢ Y
&1y roe STALK
§ oz | EERO PACE
ipr J&01 paAT

3.2

TED MEMORY MAP

64K



3.3 FOWER COMSUHMFTION

FAET I TOTAL I TOTAL
(TYF) (HAX)

7501 80 125 ma
7380 200 250 ma
22128 155 220 ma KERNALyEASIC
74LS237 24 38 ma
modulztor 80 150 ma
S35 10 15 m3a
TAQS 32 o1 ma
74LS08 4 9 ma
74L504 4 7 ma
7700—:2 8BS 120 ma
4164-2 336 480 ma
4551A 34 60 ma
1L29R - 80 ma
529k 954 80 ma

1154 1685 m3 W/0 FUNCTION KEY SOFTWA
23128 155 220 ma FUMCTION KEY ROHM

1311 1905 ma TED W/FUNCTION SOFTWARE
23128 195 220 ma CARTRIDGE ROM

1466 21728 ma TED'64 FUNCTION aND CAKRT
RS - 232 1534 2225 ma TED&4 FUNC. W/CART

& R§-232

XXk 1.53 A TYF. 2,2 A HAX, Xk
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DEVICE

7501
7360
4164
7700
8551
(2)83529
74L8257
(23232128

b S
Xxk

BUS LOADING

ADNDRESS DATA
12 15
10 10
= 20
8 -
10 10
- 20
5 -
14 14
41 71
77 107
93 123

TED&A4
TEDG64 W/FUNCTION ROMS
TEDNS&A W/FUNCTION & CART

R/W

RAS
CAS

T
T
rf
Pf
T
FT
P
P

o
pf xx
Ff XXX



THE 7350 TEXT DISFLAY CHIF

—— e A G e N R N S e e o = e S e v -

This charter will discuss various asrects aof the 7360
TExt Diserlay chir,

1.1 OVERVIEW
Thz 7360 (or TEDI) is intended for low end 4502 familwy
o 2» Person3l home comruter systems.s The 7340

= 48 #in device which controls video outrut,; (311
5:4nsls nessecary to creste comrosite video)r sustem timirsd,
genzmic RAM controls, ROM controls and kevboard scanrning,

The 7360 contains 24 control redisters which are accessed
throuzh the standard 6502 microrrocessor datz bus,

The 735C uses the MOS techrniology HHOS rrocess» and is
yr-drad:ble to HMOE 2,

1.2 SEATURES

SARDWARE FEATURES:
DYMAMIC RAM REFRESH
SOUND' GENERATION

FROGARAHMHAELE VIDED TIHE STANDARDS
tcomFatible with either HTSC or FAL stzndards)

49 COLUMN X 25 ROW CHAFRACTER DISFLAY
S X & CHARACTER DOT MATRIY

229 X 200 FIXEL RESOLUTIONM

1% UNIQUE COLORSs 8 LUMINENCE LEVELS
HARDWARE FLASH

HARDWARE CURSOR

HARDWARE REVERSE VIDED

FROGRAMHAELE CHARACTER INFORMATION SOURCE
(X005 or RAM)

DUAL SFEED CLOCK

SCREEN EBLANKING FOR DIIMA SENSITIVE ENVIROMENTS



4.3 LAl ULHARALIERISIIUS

This section discusses some of the physical characteristics

51 *he TED chiF.

§.%5:1 PINQUT

FIN ODESIGNATION IESCRIFPTION

1 A2 AIDRESS RIT 2

2 Al ADDRESS RIT 1

3 A0 AODDRESS ERIT O

4 vCcC FOWER SURFLY +3

= cso LOW ROM CHIF SELECT

b cs1 HI ROM CHIP SELECT

7 R/W READ/WRITE LINE

g JIRD INTERUPT REQUEST

? MUX ADDRESS MULTIPLEX COMTROL
i0 /RAS ODYNAHIC RAM ROW ADDRESS STROERE
11 /CAS DYNAMIC RAM COLUMN ADDRESS STROERE
12 o0uT SYSTEM CLOCK

13 COLOR CHROMA QUTFUT

14 OIN HASTER CLOCK

3 KO NKEYEOARD LATCH ©

135 K1 KEYEOARD LATCH 1

17 K2 NEYROARD LATCH 2

15 K3 KEYEBOARD LATCH 3

19 K4 KEYROARD LATCH 4

29 K3 KEYERBOARD LATCH S

2 Ké KEYEBEOARD LATCH &

22 K7 NEYBOARD LATCH 7

23 LUH COMPOSITE SYNCE AND LUHIMNENCE
24 Vss FOWER SUPPLY GROUND

28 OEO DATA EBIT O

24 DEL 0aTA RIT 1

27 np2 ODATA RIT 2

28 DE3 DATA BIT 3

29 Iik4 DATA RBIT 4

30 DES DaTA RIT 5

31 neps DATA RIT 4

z DEZ DATA RIT 7

=3 SHI SOUNDN QUTFUT

34 EA EUS AVAILAERLE

35 AEC AIDRESS ENAELE CONTROL
Ié Aal1S ADDRESS RIT 15

37 Al4 ADDRESS RIT 14

38 Al3 ADDRESS RIT 13

zQ Al12 ADDRESS BIT 12

40 a11 ADDRESS RIT 11

41 A10 ADDRESS BIT 10

42 A? ANNDRESS RIT 9

13 48 AJTIRESS BRIT B

44 A7 ADDRESS RIT 7

45 & AODRESS ERIT 4

45 g ADDRESS RIT S

47 A4 ADDRESS BIT 4

42 A3 ADDRESS BIT 3



2 SIGHAL DESCRIFTION

4.2,

AnnRESS BUS Fins 1 thru 3 and 36 thru 48

The 14 bit address bus is bidirectional. As an inPuts the
nicroprocessor can access any of the 34 TEI control registers.
rn the outrut mode TED uses the addresses to fetch Video
Mztrix Fointersy Attribute Fointers or character cell
infermation., For microrrocessor interface TED resides in
locztions FFOG-FF3F in memory.,

nnTA BUS Fins 25 thru 36

The 8 bit data bus is also bidirectional, The data bus
setiwity can be serarated into 2 catedories! microrrocessor
interface and video data interface during the 3above
mentioned fetches.

SEYEOARD LATCH Fins 15 thru 22

The 8 bit kevwbhoard lstch is wused as the kewboard interface.
U=orn inmnstruction by the microrrocessor to write to the
owvbheczrd latchs the information on the kevboard pins is
lstcked be TED snd stored wuntil it is retrieved by the
microproceszor on a read kesboasrd instruction. The

7360 also rrovides zctive pull urs on the kesboard matrix
lines.

¥0 snd K1 (2 of the kevbosrd lines) also provide testing
functions,Wnen these pins are externally driven to 10 valts:
“hev =rovide srecific testing features. It should be noted
howevery that these =ins are high imepedance and if subdected to
nizh enerdw electromotive fields: could cauze false deneration
af the testime functioms. This can erotected azainst throush
wgue of diodes to insure the rolential onm KO and K1 never
siicedes MCC. KO €ererstes 3 system freeze functions and

otz 311 horizentzl flip-flors to force TED imto the dyrnamic
£AM rofresh reriod and sincle clock. All flip-flors are

‘hes relezsed to sllow their menisrulation by the horizontal
resister. X1 forces the intermal clock division into the

MTSC mode,

CHUTR SELECTS ‘ins 5 3nd &

TZD "generztes ROHM chis selects based on address decoding,

CS0 iz active during the memory block of 8000-EFFF (HEX).
CS1 correzronds to COOO-FFFF (HEX) in memory. The ROH
zres of memery czn be banked out to overlawy RAHs see the
2s3:rirtion of Redisters 3E and 3F (HEX).

DYMAMIC RAM CCOMTROL Fins 9 thru 11
TED =cerierstes /RAS and /CAS for dwnamic RAM access. The

éi;nal MUX is 2lso-senerated to-externally-multirlei the
‘it row and column addresses.



S.EAD/URITE Pin. #

g/W iz an input to TED to distinduish the ture of oreration
to be rerformed., TED will activelwy pull upr the svystem read
1:pe during 211 TED fetchess The read sidgnal is aualified
;Eth MUX. Th2 rin is an oren source output,

TMTERFUFT Pin

The interrust rpin is an oren drain output, TEI contains
rowr interrurt sowrcest! 3 internal timers and the raster
comparator.

FHT OUT Fin 12

For increased prccessor througheruty TED doubles the freauency
-f the svustem clock during horizontal and wvertical blanking.
The actuszl single clock boundries are!

1) Racster lines 0-204 and horizontzl positions 400-344
2) Horizontal rpositions 304-344

fHI IMN Fin 14

“or use in NTSC television swvstems; TED recuires 2 14.,31818
“HI +/- 70 #2pm single phase clock ineput: For PAL syustems;
the inePput clock must be 17.734475 HHZ +/- 70 pPm sinmgle
~h2ze.

TOMFOEITE COLOR Firn 13

The color outrut contains 21l chrominance information:
tneluding the color reference burst sidnal and the color
f 11 dis=lavy dats. The color output is oren source
rel shicuwld be terminsted with 1K ohme to ground,

TOMEOZITE SYNC AND LUMIMNANCE Firm 23

N2 luminsnece owuteut contains 3ll video synchronizstion
5 w21l as luminsnce infermation for the video displavw.
G2 =im is oren drsine reaquiring an externsl pPullup

of 1¥ Ohm.

QUMD Fim 33
Thiz #in zrovides the output of the 2 tone generators.

The outzut mucst b2 intedrated throudh anm RC network and
“a-n turtfared to drive an external sereaker.



BUS AVAILAELE  Fin 34

s Availsble indicates the state of TED with respect tg
video memory fetches. BRA will go low during rhase 1, 3
sinzle clock cucles before TED rperforms anw MemCry accessg
snd will remzinm low for the entire fetch,

AZDRESES EMABLE CONTROL Fin 35

furins double clock modes AEC is 3luays high allowing

ti.e 7501 comelete control of the system buses. For

single clock time periods, when BA has not sgone laws AEC
will tozdgle with PHIZ2 out, This 2llows TED FHI1, time to
com=lete its memory accesses of videp dot information

while the 7501 performs during FHI2, When TED Needs bath
halves of the cucle to perform its customary PHI1 dot
fetches z2nd FHI? attribute amd Fointer fetches: EA will sgo
low. On the fourth FHII outs AEC will remain low until the
end of the FHI2 video feteh,



4.0

snd considerstions of the 73460 TED chie,

.

4.1

ELECTRICAL SFECIFICATIONS

This section discusses some of the electrical Prarerties

ABSOLUTE MAXIMUM RATINGS

INPUT YOLTAGE (Vim)
SUFFLY VOLTAGE (Vcc)

-2V to +7.0 VIC
-2V to +7.0 VIC

QFPERATIMG TEHF (T3) 0 to 70 ‘C
STORAGE TEMP -53 to 150 ‘C
INPUT LEAKAGE CURRENT -1.,0 wua

nYHNAHIC CHARACTERISTICS
INFUT HIGH VOLTAGE (VIH)
INFUT LOW VOLTAGE (VIL)?

VYee = 5.0V +/-5%
Uss+2.,4V to Vcce+lv
VUSS-2V to Vss+.8Y

QUTPUT HIGH VOLTAGE (VOH) VSE+2,4Vy
(IO0OH=-200uA VCC=4.,75VILC)

CUTFUT LOW VOLTAGE (VOL) VSS+.4V
(IOL=-3.2ma YCC=5,25V)

MAX FOUWER SUFFLY CURRENT 250ma

.4.2 VIDED VOLTAGE SFECIFICATIONS

CHROHA OUT 1Vp-p min. w/2V0LT OFFSET OFEN SOURCE
LurM OUT 0-3V (blanking = ,5V) OFEN DRAIN

4.1.3 LUBINANCE LEVELS (R7)

LEVEL VOLTAGE

<

VRej
01
o2
03
04

=4
=

04
07
08

o

D=0 0O
cCCcCcCcCCcCccCcc

£ S/ R Y S O T O % T 06



v4.4

COLOR FHASE ANGLES

COLOR

ELACK
WHITE
RED
CYANM
HAGENTA
GREEN
ELUE
YELLOW
ORAMGE
EROWN
YLLW-GRN
FINK
BLU-GRN
LT-BLU
OK-EBLU
LT-GRN

HUE PHASE (relative to SIN: in dedrees)

NTS(

250

20
208
314
134

?0
115
142

50
232
290
350
180

PAL

102
283

53
241
347
167
129
148
195

g3
243
323

-~
-

213



GENERAL TIMING

This section exrlores the various timing considerations
and constraints related to the TED chis.

4.5.1  EUS TIMING

FARAHETER SYMEOL MIN HAaX UNIT
TED ADDR SETUP TADS - 150 ns
INFUT DATA SETUF TOSU 50 - ns
IMFUT LIATA HOLL TOH 10 - ns
OUTFUT DATA STAEBLE TOSO 160 - ns
CUTFUT DATA HOLD TOHO 80 120 ns
R/UW STABLE FERIOQD TRWS - 178 ns
HUX TO R/W SETUP THRWS - 70 ns
MUX TO R/W HOLD THRUWH 30 - ns
CHIF SELECT SETUF TCSS - 320 ns
CHIF SELECT HOLD TCSH 70 - ns
ADDREES HOLD TAH 60 - ns

NOORESS IN TRISTATE TALTH = 138 ns



o DHA TIHING

c
L

The 7360 rerforms QHA’S to fetch additional information to
maintsin 3 video displav, Twice per each row of characterss:

(a character beind defined as 2 cell 8 X 8 hits) to obtain

the attributes for each character and to obtsin the character
rointer which roints to uhere the charcter pattern cen bhe
found. In bit mar moder these DMA’s still occurs but the
information is interrretted differently., The seaquerce of events
1n a3 DHMA cycle are! 1)The svystem clock comes out of double
s=eed for 1 cuycle. At the same time AEC sterts to toggle.,
51lowing the 7350 on the bus, 2)The Bus Available line sgoes
low, 3)Three cycles are given to the 7591 to complete

oreration before DHA bedins., 4)40 cucles of sindle clock

where the 7340 is doimg 2 fetches per cucle, S)HA does

nhizh a2t the same time as AEC zllowing the 7501 back on the bus,
515 cucles fTollow of cingle sreed where the 7360 is endasged

irn refreshing the dynamic RAM. 7)1¢ cvucles of double speed
fequiv. to B cuycles of sindle) 8) If last DHA was row B

¢f chsracter; then [MA for row 1 of next character is initiated.
If screen is blanked, the 9 cwcles of singdle srpeed are still
2r2sent for dynamic RAH refresh.

4.2.2.1 TED DMA TIHING (REFER TO 4.5.2.2 TED DMA TIMING DIAGRAM)

cwycles time
TOHA 40 4é6us TIHE: DHMA
THALT 3 Juus TIME: HALT
TRESH S Sus TIHE; REFRESH
oS 1& Pus TIHE, DOURLE SFEED
Te 1 lus TIMEy SYNCHRONIZE
-

5¢F5_ ZMlF

Ji3gram 4.5,2,2 rerresents the occurence of when two DHAs zre
*rzck to back'. I.E. character row 8 [MAcy then character row | of
Lhe next charzcter [IMAss sererated onlw bw one horizontal

retreca,
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<, THE 7501 MICROFROCESSOR

———— = e ——— . — s

This section describes some of the rrorerties and
functions of the twyre 7501 microprocessaor.,

S.1 75301 DRESCRIFTION

The 7501 is sn HHOS version of the 4502 family or more
sevecitically, the &510CEH, The 7501 is softuare
comzatible with existing 4502, 6510 code.

The 7301 contaims a 7 bit bi-directional rort

used to directly drive the serial bus and cassette.
The rort is 3t locstion $0000 while the data direction
rezister is at 20001, The 7301 is Tri-statable and
throudh wuse of the AECC (address enable control) line
and is wused extensivliy in the TED shared bus concept,
[MA 1s accomslished usinsg the AEC line and the RIY
line (c2lled EA on TED)., A control line is provided
(GATE IN) to hold oft the R/U line until /RAS nmakes
the trensistion from low to hi., This eprevernts the

Rzzd line from makine an early transistion to the
vrite stzte which would ca3use an imerorer Early

Write Cezle 10 occur.



7501 FINOUT

w
)

FIM NAME ODESCRIFTION

1 FHI 1IN SYSTEHM CLOCK INFUT
o ROV OMA RQST

= /IRQ INTERUFT RQST

4 AEC ADDRESS ENABLE CONTROL

LT vCce FOWER SUPFLY +5v,

& a0 ADORESS BIT ¢

7 Al ADDRESS BIT 13
8 A2 AODRESS RIT 2
9 A3 ADIIRESS EIT 3
10 A4 ADDRESS EBIT 4
11 AS AITIRESS RIT 5
12 Ad ANDRESS BIT &
13 A7 AODIRESS RIT 7
14 A8 ARDTIRESS RIT 8
g A9 ADDIRESS RIT ¢
14 Al0 ADDRESS BIT 10
= ALl ADDRESS RIT 11
18 A12 ADODRESS BIT 12
12 AL3 AUDRESS RIT 13

20 GMD POWER SUPFLY GROUND

21 Ala ADDRESS EBRIT 14

a0 Al1S ADDRESS EBIT 15

R GATE IHM R/AW GATE

24 F7 FORT BIT 7

25 Pé FORT BIT &

24 F4 PORT BRIT 4

27 3 FCRT BIT 3

38 F2 PORT EBIT 2

29 Bt FORT EBIT 1

30 Fo FORT BIT ©

31 De7 DATA BIT 7

52 nes DATA BIT &

33 KBRS DATA BIT 5

34 Iieg DATA BIT 4

3% DE3 DATA BIT 3

33 ne2 DaTA BIT 2

37 OEl ATA RIT

38 Deo DATA BIT O

9 F/u READ/WRITE

40 REE RESET



7501 ELECTRICAL SFECIFICATIONS

w
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This section describes some of the electrical
~gnstraints and sepecifications of the system.

3.3.1 HAXIHUH RATINGS

Reting Sumbol Value Unit
Susprly Voltage YUece =0.3 to +7.0 Ude
InpFut Voltasdge Vin ~0.3 to 1+7.0 Vdec
Deerating Temrerature Ta 0 to +70 C
Storzse Temrerature Tstg -33 to +150 c



5.3.2 ELECTRICAL CHARACTERISTICS

Cheracteristic Sumbol Hin Tup Hax Unit
[nrut Hidgh Yoltadge VIH
FhiO(in) Uss+2.4 e Vec Vdc
/RES;FO-P7,/IRQsD3atsa Vss$2.2 ——— - Vde
Input Low Voltac=e VIL
Phiotiﬂ) U55h0l3 S U55+0t5 Ydc
/RESsPO-F71/IRQ,Datsa - i Uss+0.8 Vde
InFut Leakade Current Iin

(Vin=0 to S.25V,
UCC=4025U)

Logic - === 2.5 UA
FhiOo(in) = == 10.0 A
3-State(Dff) Inp, Cur, ITSI

(Uin=0a4 to 244U’
Vce=3,25V)

[lats Lines —-—— —-——- 10.0 uA
OutPput Hidh Voltasge VOH

(I0H=-100uAdcy

Vee=4,735V)

Dat31A0-A1S5,R/WsFO-F7 Uss+2,4 - -— Vde
Output Low Voltase VoL

(I0OL=1.,émAdcy

Vcec=4,75V)

[atssA0-ALSIR/UWFO-F7 - -—— Vss5+0, 4 Vde
Fower Supsrly Current IEE -—- 125 — ma
Csrzcitanice C

(Min=0:sTa=2% C,

- F=1KHZ}

LozicsFO-F7 Cin ——— —-——— 10 eF

lata Cout - - 15 e F

AQO-A7 Cout -—— - 12 FF

Fhil CPHil - 30 30 rF

ERi2 CFHiZ2 -——— 50 0 ef



5.4 SIGNAL DESCRIFTION

CLOCK ( FHI 0 ) = This is the dual sreed sustem clock and
is a standard TTL level ineput.

ADDDRESS BUS ( A0 - ALS) =~ TTL outrut. Carable of driving 2 TTL losAds
at 130 ef.

nATA BUS ( D0 = [7) = Ri-directional bus for tranmsferring data to
and from the device and the rerisherals, The outruits are
tri-state buffers carable of driving 2 standard TTL lozdgs
and 130&T.

RESET - This inmefrut is used to reset or start the uprocessor from
8 rower doun corndition, During the time that this line
is held lowr writing to or from the uerrocessor is inhibited.
Whem a3 rositive edze is detected on the ins=uty the usrrocess
will immediatly begin the reset seauerice, After 3 custem
initialization tine of & cwvcless the mask inmterupt
flag will bhe set zrnd the rrocessor will load the prosgran
counter from the contents of memory locations SFFFC and $EFFLD.
This is5 the start locztion for Prodgram contrel. After UCC
reaches 4,75 volts inm 2 Pouwer ur routines reset must be hels
low for at lesst 2 cecles. AL this time the R/W line will
become w3lid,

INTERUFT REQUEST (IRQ) - TTL inerut: reauest that the processor
initiste an interrurt senuence. The processor will
comrlete enecuticon of the current instruction before
recognizing the reauest. At that time; the interrust mask
in the Status Code Resister will he examined. If the interruzt
mssk is rot setsr the zrocessor will bedin an interruet
cpaquence. The Frodran Cowunter amd the Processor status
register will be stored on the stack and the interrust
dizzble flazg ic set so thst no other interrurts canm occur.
The errocessor will ther losd the Frosram counter from
the meomory locstionz: $FFFE and $SFFFF.

ADFEEZ EMAEBLE CONTROL (AEC)Y - The Address FEus iz onlvy valid uwhen
the AEC lirne {= high., Wh2n low, the sddress bus is ir 3
hish im=edsnce2 stzte, This a2llows ezsw [DHA’s for shared

bus zuntomz,
[7d FCRT (FI-FA:FLrF7) - Ridirectisnzl rort used for transferring
dat3 to 3snd from the =rccessor directly, The Dats Outsut

FEzzicter i1s located at lccation 30001 and the latz Direction
Resizter is locz2ted a3t locationm $0000.

level outrut from rrocecscsor to control the direction

]

o7 dzta tram=fer betueern the rrocessor snd memory;
rarirhersles 2tc. Thiz linme ic hisgh for rez2dine memorwy
2reed low for uwritingd., This line is latched by the Gate In

lirre te suchronize betueen = DRAM memory cycle and the
=rocessor clock cxcle., If AEC ic low when Gate In makes a3
lew te hizh trencsitions the R/WU lime will do to 2 high
imeedence until the next trarnsition of the Gate In lire
and AEC is hizh eprior to +the transitioh.



GATE IM - TTL level inecnt; used to gate the R/W line to Prevent
the R/W line from g0in3 low durind 3 read cvcle, befare
RAS and CAS g0 hidgn (resulting in 3 Read/Urite cucle),
Normally connected to the MUX line in 2 susten confidurat:
to sychrornize the IORAM memory cucle to the Frocessar
clock cucle,.

ROYT - Readz, TTL level inrputs used to DHA the 7501. The Frcocessgr
orerates normally while KDY is hish., When RIY makes gz
trensition to the low stater the rrocescor will finmish
the oreration it is ons and a2ny subsequent oreratian
if it is a write cycle., On the next occurence of
read cecle the rrccessor will halty making it
rossible to tri-state the srocessor to gz2in ccmelete
access te the svsiem bus,



.5 FROCESSOR TIMING

(&}

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

S.5.1 TIMING CHART

o C
Electrical Characteristics Vece = Sv + 5%y Vss = 0vs TA = 0 C to 70

Char=zcteristic Symbol Hin Hax Units
MUX imeput high THH é0 110 ns
AEC setur time TAEC 25 60 ns
MUX to RW setusr or tri-stzte THRUWS 70 ns
MUX to RW hold THRWH 30 ns
Ur dats setur from FHO THOS 130 ns
Ur write datz hold THW 80 ns
Ur date setupr from Hux THXDS 120 ns
Dzta bus to tri-state from HUX THMXDT 30 ns
Iata bus to tri-state from AEC TAELDT 120 ns
Read dasta stable TDSU 40 ns
Read data hold THR 40 ns
Address setur from PHO TADS 40 150 ns
Address hold THA 40 ns
Addresse setur from AEC TAADIS S ns
Address tri-state from AEC TAEAT 120 rns
Fort inrPput setue TPDSU 1035 ns
Fort inmnerut half TFDH 45 ns
Fort ocuterut datas valid TFDW 125 ns
Cucle time TCYC 500 ns
FHO(in) pPulcse widih E1.5v PHHFPHO 250 2735 ns
FHO(in) rise time TRFHO 10 ns
FHEO(im) fall time TFFHO 10 ns
RIY setur time TRIDY 80 ns



5.5.2 75017 TIMING OIAGRAM
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6.1

DYNAHIC RAHS

This charter covers the constraints and features of
random access memories used in the TED sustem,

ELECTRICAL SPECIFICATIONS

INFUT VYOLTAGE (Vin)
SUFFLY VYOLTAGE (Vcc)
OFERATING TEHP (Ta)
STORAGE TEMP

INPUT LEAKAGE CURRENT
DYNAMIC CHARACTERISTICS
INFUT HIGH VOLTAGE (VIH)
INFUT LOW VOLTAGE (UIL)
OUTFUT HIGH VOLTAGE (VOH)
(IOH=-200uA VCC=4,75VDC)
OUTFUT LOW VOLTAGE (vOL)
(I0L=-4,2m3 VCC=5,25V)
HAX POWER SUFFLY CURRENT

-1V to +7.0 vypC
=1V to +7.0 vIoc

0 to 70 ‘C

=33 .ta 150 “C
=-10.0 wA

Vece = 5.0V +/-57
Usst2,4V to Veoe+iy
VSS5-1V to VUssit,gy
VSS+2.,4V

USS+.,4V

80ma



5.2 CHARACTERISTICS

This section covers some of the characteristics
the 64K bs 1 bit RAH that is wused in the TED 44 sustem.

6.2.1 FACKAGE FINOUT

FIN NAME DESCRIPTION

1 NC

2 Iin DATA IN

3 /WE WRITE ENABLE (ACTIVE LOW)

4 /RAS ROW ALNDRESS STROEBE (ACTIVE LOW)
S AOQ a4DDRESS RIT ©

3 A2 AIDRESS RIT 2

7 Al ALNDRESS RIT 1

3 ycce FOWER SUFPPLY +5

9 A7 ADDRESS HRIT 7

10 AS ADIDRESS EBIT S

11 A4 ADDIRESS BIT 4

12 A3 ADDRESS HIT 3

13 Ad ADDRESS BIT &

14 Dout DATA OUT

19 /CAS COLUMN ADDRESS STROEBE (ACTIVE LOW)
14 USssS FOWER SUPFPLY GROUND

¥

3

o
w

ELECTION CRITERIA

The TEDN sustem uses low cost 200 ns access RAMs.

Tied in section 46+3.1 *TIHIMNG CHART"' and 6.,3.2

Quzlified Ff2arts must meet 3ll timing Parameters as
*TIAING DIAGRAM".

6.3 TIMING

This section illustrates th 1 imi
constraints in dealing with DRAM. = TRRIES Ees

af
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7. THE USER FORT

This charter details the ssstem User Fort.,

7.1 OESCRIPTION

The USER FORT is included to dllow various terminal
and modem devices to connect to the TED swstem, Transmission
and recertion is via a 4551 ACIA, with handshaking assistance
from a8 &529 single rort device, The 6551 and the 6529 are each
accesszble to the TED system in softwarer thus allowing their
Prodrammind for various aeplications,

The 6551 ACIA is enmzbled by addresses $FDOO to
$FDOF. The lesst significant two bits of the address will
choose the moder which may be set for transmit/recieve, recieve
statuss or prodramming of either the command register or the
control register, Similarly,s the 46529 is activated by the
3ddresses $FD10 to $FD1F. It permits seven bits of either inpu
Jr outeputy derending uporn the st3tus of the Read/Write line,
eighth bit, bit two to be exact, is used 3s the cassette sense
inrut. It may be rossible to utilize this bhit it certain
=recautions zre taken in sofiware, ( I.E. Insure that cassette
sense 1s not grourded,)

The User Port itself Frovides zccess to various signals
genersted by these two chirs, in addition to the ATN =2nd Buffered
Feset (BRESET) lines of the TED system, The rport aslso rprovides
sSroundy +3JVDC and +%VAC for Use b3 cornected devices,



FHYSICAL PINOUT

NAME DESCRIPTION DIRECTIGN
A GND Ground 00 e
K =Xy I/0 Port Bit © InrPut/Dutrput
C RxD Recieve Data Inrut
) RTS Reauest to Send Outprput
E DTR Nata Terminal Ready Outeut
F F7 I/0 Port BRit 7 InFut/Outrut
H nCch Data Carrier Detect Inrput
J Fé I/0 Port Rit & Inrput/Outerut
K TS Clear to Send InFut
L LSRR Datz Set Ready InFput
M TxD Transmit Data Outrput
N GND Ground =000 e
1 GND Groupnd =000 e
2 +3 s vl e
3 /BRESET Buffered Sustem Reset Qutrut
4 F2/CST SENSE I/0 Port Bit 2 Input/Outerut
7] F3 I/0 Port Bit 3 InrPut/0utrut
& F4 I/0 Port Bit 4 InFput/Outerut
7 F3 I1/0 Port Bit 5 InPut/Output
g R:u:C Recieve Clochk InpPut/Outerut
2 ATHN Attention Output
10 +9 t¢ vaC
i1 +9 FZUAE 0 e
2 GND Ground 00 mmemecaaa



7.3 ELECTRICAL SFECIFICATIONS

I1/0 Forts (FO(P2..F7)
These ports are carpable of driving up to four TTL ture
loads each in outrput confisuration.

Buffered Reset (/BRRESET)

The buffered reset line is caepable of drivindg at least
orne TTL level load. It can drive a3 total of ten TTL loads
between the User Port: the Serial Fortr and the Exepansion Fort.

Attention (ATHN)

This lire is carpshle of driving at least one TTL level
load, It cam drive 3 total of tenn TTL loads between the User
Fort and the Serial Port.

Recieve Datas (RxD)
The Recieve Datz inrut may be driven by a single TTL
vel driver.

Other Imeuts (ICDs» DSRs CTS)

The remaining data inPputs are buffered by TTL buffers.
Esch may be driven by 3 single TTL level driver. CTS is sensed
via 6529 under software control.

Recieve Clock (RxC)

The Recieve Clochkr when sctindg as an outrputs can drive
3 single TTL level load. As an inputy it must be driven by at
leezst one TTL level lozd,

Tramsmit Dats (TxD)
The Trarsmit Data owteut is carable of driving 3 single
TTL level load,

.ner BOuteruts (RTS: DTR)

The remainind outrputs are each buffered by a TTL buffer:
thus each of thesm will drive ten TTL level loads,

The five volt source is redulated ICsy capable of swurrluins
100 mA worst case.

e e

The nine volt source is an unredulated nine volt (RHS)
sur=lyy carsble of suprlving 3 worst case current of 400 [OC mA,.



7.4 TIHING

ARAHETER SYMBOL MIN MAX UNIT
Trancmit/Receive Tcey 400 - ns

Clock Rate

Transmit/Receive Tch 175 - ns
Clock Hidgh Time

Transmit/Receive Tcl 175 - ns
Clock Low Time

XTAL! to TxD Tdd - 500 ns
Frorzdztion Delaw

Froradation Delay Tdly - 500 ns
{(/RTSy /DTR)

JIRQ Froradation Tira - S00 ns
Ilelay (Clear)

3]
\]

lnserugt mnd Cutput Timing

RTALY
PR s G ] e i
CLOCK iUy
! @__%
T —
| ! mac |
el

L]
ML —

MOTE. Tel rimm 1418 TaC roe BOTE Fal rven m 118 RaC s

Transmet Timing with External Claek Recarre External Cloek Timing



PARAHETER SYHBOL HIN HaX UNIT

PHI 2 PW PWO2 248 350 ns

ADDRESS SET TACR 72 = ns

UP TIHE TACHW

ADDRESS HOLD TCAH 25 - ns
TCAR

R/W SETUP TWCH 71 == fis
THWCR

R/7W HOLD TCWH ?3 = ns
TWCR

DATA RUS TDCW 148 = ns

SETUP

READ ACCESS TCDR 1935 = ns

READ DATA THR 35 = ns

HOLD

¥tite Cycle

TN
Wb
A

=

Oarampm
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8, THE VIDEQO SECTION

- ———— e e —————

8.1 VIDEQ INTERFACE

The TED viedo interface hardware 3llows the connection of a3
standard NTSC or PAL commercial television znd/or 3 color monitor.
The monitor may sccept either a comrosite video sigral or separate
chroma and luminance/swnc sidnals in 3addition to am sudio sisral.

8.2 HOLULATOR SFECIFICATIONS

The modulator provides & brosdcast tuere RF signal carrwing
the comrosite video and audio si¢nals. The WNTSC modulstor is
switchable between channels 3 and 4 to helr minimize locsal
broadcast interference. The sisnzl generated by the RF modulator
comelies with FCC rulind concerining FCC Class Es TV Interface
[levices.

c 3 HONITOR OUTFUT

The monitor outerut rprovides the following signals.

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

Comrosite 1V p—p 75 ohms

8.4 VINED COMNECTOR PINQUT
The video connector provides the following signals!

FIN SIGNAL
Luminance/Sync
Ground

Audio 0Out
Comrosite
Audio In
Chroma

Nlcl

NcCc

(U RN ¢ & (S SV I S



9, THE SERIAL BUS

?.1 SERIAL BUS SPECIFICATION

DATA BYTES

Type

@MLMH—;

SERIAL SRGIN

GHD

SERIAL ATN IN/OUT
SERLAL CLx INOUT
SERIAL DATA INJOUT
RESET

READY -TQ -SEND
TALKER SENDING

UUTTULL 1L eme

w5

DATA

4 1 "‘EL_AL "

DATA vaLID T - T
NER READY-FOR- DATA

SIFIAL

LirsteneR DaTa-AcczpTED

EUS TiMING

| symgoL:

LISTENER HOLC =0OFF

BIT SET-UP TALKER
DATA y2LiT
FRAME HANDS-
| FRAME TO REL
! BITWEEN BYTIS TIME
E0] PISPONSE TimsE
E£Q] PESPONSE HCLZ
TALKER RESFONSE [UM
BYTE - ~IKNOWLEIDGE
TALK - ATTENSION REL

EQI ACKNOWNLICGE

e .

ATN RESPGHNSE (PEQL.2Z3) (D Tav

NON-EQI RESFONSE T2 2°3

T1WE
T

EAST

TALK = ATTENSICN 2CANOwL-DOS
TALK  ATTINSION ACK. HoLo

=

@ Tys
® Ts
@

Ty

w4 = =
I

-
m wm

®
@

RO § I 3

R T U
A D <

—~ — -
m 0O
0 r A

Min | Tyr | Max. |

- = 12@@us |

2 : - (==
— | 48,5 2606,
2B us 1+ 7Dy -
20us | 200 - |

Q 29 11883, !
22w = ™ 3
188 .. | — . }
280us [ 253 ! —
€0 .5 — —

% 34 .5 ETrs
2Qus | 3Bas | —
20us | 30us | 100us

@ —_— —
tQus — —
60,3 — —

® Tz) MIN. MUST BZ 80,5 FOR EXTERNAL SE!
81'\, AND TpR MIN MUST Bf €Gws FOR EXTS

IF MAX, TIME EXCEEDED, FRAME ERROR.

IF MAX, TIME Exc:s EDED EQOl RESPONSE
IF MAX, TIME EXCEEDED, CIZVICE NCT PR

NOTES:

71TE 7O 2 A TALKER.

REQU:REEC.
ESENT IRROR.

RNAL CevICE TG BE A

TALKZR.



ine EXFANSION EUS

10,1 EXFANSION RBUS PINOUT

EFIN NAME FIN NAME

1 GND A GML
2 +5 B ciLow
3 +5 c /BRESET
4 ZIRQ D /RAS
S R/W E FHIO
& CIHI F ALS
7 C2L0W(reserved) H Al4
g C2HI(reserved) J AL3
4 /C851 K AL2
10 /CS0 L ALl
11 LCAS H ALQ
12 HUX N A9

13 EA P A8

14 nz R A7

5 Lé S Ab
146 ns T AS

17 D4 u A4
18 nz v A3
19 n2 W A2
20 b1 X Al
2y Do Y a0
=3 AEC Z NC
23 EXT AUDIO AA NC
24 PHI 2 BE HC
29 GND cc GMD
' 2 EXFANSION CONNECTOR SIGNAL DESCRIPTION

A0 - ALlS SYSTeEM ADDRESS RUS - UNERUFFERED. OUTFUT,
Do - 07z SYSTEM DATA BUS -UNBUFFERED. QUTFUT.
/CS50,/C81 INTERNAL ROH CHIF SELECTS. OUTPUT.

CiLOW,C1HI

/RAS
MUX
/CAS

EA
Pof 2
R/uW
JIRQ

/HBRESET

EXT AUDIO

EXTERNAL CARTRIDGE CHIP SELECTS. ACTIVE LOW. OUTFU
IRAM ROW ADDRESS STROEE. QUTPUT.

DRaM ADDRESS HULTIFLEX CONTROL SIGNAL. OUTPUT.
ODRAM COLUMN ADDRESS STROBE. OUTPUT.

EUS AVAILAKLE. LOW FOR DHA. OUTPUT ONLY.

ARTIFICIAL PHI 2, ADDRESS VWALID RISING EDGE.
DATA VALID FALLING ELDGE. OUTPUT.

SYSTEM READI WRITE LINE., OUTFUT.
INTERUPT REQUEST. INFUT.
EUFFERED RESET. DUTFUT. |,

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



READ' DMLY HEMORY

171 SYSTEH ROH DESCRIFTION

Irr @ tzsic configurationy the TED orerating sgstem
resides in JI2X of read onlw memory contained in two 14K X 8§
FQH. The KERMAL resides in the urrer 14K ROM (referred to
35 HIGH ROH) and some of the lower 14K ROM (LOUW ROM)
The Kern3l, by definitions is the orerzting system of the
comrputerr with fixed entry roints into usable subroutines
to fzcilitate use by higher level prodgrams, The entry tahle
for the Kernal is located above the 7340 in memory. ($FF40 -
$FFF?) Contained in the serace zlloczted for the Kernal is the
character ROM 3t locatiom $0000 - $D7FF, *RASIC® is
contzined in the lower ROM riot used by the Kernal.

11,2 BANKING ROM OFERATION

Although the sestem can only ‘see’ 32K of ROH
at & timey wur to 84K can be installed on boards with
an additional 22K on zs external cartridge. This
is rossible wsing the scheme known ss 'banking’,
Benking iz 2ccomrlished by writting to thee zddress
renge of SFDDO = <¢FDIF, When 3 write to this address
ranze cccurcy the lower four bits of the sddress bus
select 2 of & banks (each 14K). Refer to the chart below.

AQ Al HANK
o) low internal +1, '"RASIC®
0 low intermal £2, *FUNCTION Low:*

0
1
0 low extermnal #1: *CARTRIDGE LOW®
1 reserved

62 A3 HANK

0 0 hi internal %1, *KERNAL®

o] 1 hi internal #2, *FUNCTION HI®
1 Q hi external #1y "CARTRILGE HI®
1 1 reserved

Evern wher the Kernal is banked outy pPart of
the Kernal remsins accessable. This is the rpart of
the Kernsl thst does the actusl banmking and is loacted
in the address rande of $FCO0 to $FCFF. This sectian
of FOM will not assert itself if ROM is banked out
for RAM.



11.

ROM ELECTRICAL SFEC

Abcsolute Maximum Ratindgs

INFUT VOLTAGE (Vin)
SUFFLY VOLTAGE (Veced
OFERATING TEHF (T3)
STORAGE TEHF

Il.C. Characteristics

INPUT LEAKAGE CURRENT
LYNAMIC CHARACTERISTICS
INFUT HIGH VOLTAGE (VIH)
INFUT LOW VOLTAGE (VIL)
QUTFUT HIGH VOLTAGE (VOH)
({I0H=-200uA VUCC=4,75VIC)
OUTFUT LOW VOLTAGE (voL)
(I0L==3+2ma YLCC=5,23V)
HAX FOWER SUPFLY CURRENT

-5V to +7.0 VIC
-.5Y to +7.0 VIC
0 to 70 ‘C

-55 to 150 ‘C

-10 uA

Vop = 5.0V +/-5%
Uss+2.,4V to Vcc+liV
Yss-,5Y to Vss+,8V
USsS+2,4V

VSS+.4V

120 mA
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23128 ROM FINOUT

MANE DESCRIPTION

NEC

ALZ2 ADDRESS BIT 12

A7 ADDRESS ERIT 7

Aad ADDRESS ERIT 64

AS ANDRESS BIT S

A4 ADDRESS RIT 4

AJ ADDRESS KIT 3

A2 ADDRESS RIT 2

Al ADDIRESS RIT 1

AQ ADDRESS BIT ©

no I'ATA BIT 0

o1 DATA RIT 1

n2 DATA HBIT 2

GMI FOWER SUPFLY GROUND

L3 IATA BIT 3

D4 DATA BIT 4

oz DATA BIT 5

Ié DATA RIT 4

Lz ATA BIT 7

/CS CHIP SELECT / ACTIVE LOW
A10 ADDRESS BIT 10

/CE CHIP ENARLE / ACRTIVE LOW
All ADDRESS RIT 11

AT ADDRESS RIT 9

A8 ALDIRESS RIT 8

AL3 ADDRESS EBIT 13

CS or Ct CHIP SELECT OR CHIP ENABLE / ACTIVE HIGH

vce FOWER SUPPLY +5



11.5 ROM TIMING SFECIFICATION

FARAHETER SYHEOL HIN, HAX.
ACCESS TIHE TACC 300 - ns
OUTFUT ENAELE T0E 120 - rns

Note: TACC avzilable from system is 338ns and TOE available is 12

2DDSISS \ N ¥y
INBUTS EwAL 1D /1\ vaLio _:ﬁ\ INVALID

CHIP i

SELECT DISABLED | < ENASLED | DISASLED
INPUTS N N\

BATA HIGH / r _\..i- l HIGH
s , HE W Ta] vatl N
OUTPUTS  mproancE LL X L\TEX% D;KG LID p_T;;EE:;EE

face
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THE KEYEROARD

Egl KEYEOARD CONNECTOR PINOUT
FIN NAME DESCRIFTION
1 A LS DATA EIT S
23 K7 KEY LATCH EIT 7
3 &  GND LED GND
4 = 5V LED +5VOLT 20mz HAX.
s 6 D7 DATA BIT 7
6 1T K4 KEY LATCH RIT 4
7 ¢ 11 DATA BIT 1
8 9 KS KEY LATCH BIT 5
9 10 K¢ KEY LATCH BIT &
10 41 U3 DATA BIT 3
11 12 @2 DATA BIT 2
12 43 D4 IATA BIT 4
13 4% Kz KEY LATCH RIT 2
14 45  Ki KEY LATCH BIT 1
15 46 s DATA EIT 6
16 1% K3 KEY LATCH BIT 3
17 4% Ko KEY LATCH EBIT 0
18 17 po DATA EIT 0O
Plusqg C1¢
KEYBOARD MATRIX
ofclclololofolnye
r (17 @QE?W 8 Plus
8 ¥ | T/ R S
> 3 P |
: i ELWL i :
g '/ km CTRLITTOPVAHE X i@ .2
05 o Tw W Gz bs Ie |
q h4 3 :W *A ’L:HIFTZ 15 CE bSi e e
RPN T T T, 1 1 CHIFT LOCK
G077y LD N U - it
— 03 I" LT lG v IB IH AP
@/0 T = vr—w T T < I
DL’ rL? rx[ -LJ ,—wH o~ r‘\K f“\O g
@/2 Tr I I - ey 4 — +
@)(7)es %3 D O S G Sl
L 1 =
¥ |2 = =
‘E’ﬁ%ﬁ Dé *éat[ & :ff cgj{~ ~g+ 5
O Lol Jo o o L [
-\{-//.'—— " ey \>=y =28 ~
kT&z HT/! Kz M7l KMy kls Ke KIz——= TED

=7
0 LS TS

D
H—=@



3 KEYZO0ARD ELECTRICAL SFECIFICATION

1) HAAIMUM RATING 12¥DpCy 200uS PULSE WIDTH 1450 DUTY CYCLE
ima
2 CHATTERING SmSEC INITIAL» 1OmSEC OVER LIFE

3) CONTACT REEISTANCE SO0 OHM MaX.

41 CAPACITAMCE LOORT HAX

I) INSULATION RES. SOH OHHM HINM.
&) WITHSTAND VOLTAGE 230VAC Imin.
7) OPERATING FORCE S8 TYFP.

ZERO TRAV FORCE 1S5+/-102 AT .Sam TRAV

FULL TRAV FORCE 90#/-25¢ AT .Smm ABOVE FULL TRAV

B) OFERATING LIFE J00 HILLIOM TIMES
FUNCTION KEYS JOO HILLION TIMES
) OFERATING TEHF -3 = 430 ‘C

1¢) STORAGE TgHF ~20 - +43°C





