Appendix 2
SN74L.8783 data sheet

Supplied courtesy of Motorola Semiconductors.

The information here has been carefully checked and is
believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Motorola
reserves the right to make changes to any products
herein to improve reliability, function or design.
Motorola does not assume any liability arising out of
the application or use of any product or circuit
described herein. No licence is conveyed under patent
rights in any form. ¥WYhen this document contains
information on a new product, specifications herein are
subject to change without notice.
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SYNCHRONOUS ADDRESS MULTIPLEXER
The SN74L5783/MCEB83 brings together the MCBS0IE
{MPU, the MC5847 (Color Video Dispiay Generator) and dy-
namic RAM to form a highly effective, compast and cost ef-
ctive computer and display system.
MC6809E, MCGB0G, MCEB01E, MCEB000 and MCE847 {VDG)
Compatible
Transparent MPL/VDG/Refresh
RAM size -- 4K, 8K, 16K, 32K or 64K Bytes (Dynamic or
Sratic)
Addressing Range — 96K Bytes
Single Crystal Provides All Timing
Register Programmakble:
¥DG Addressing Modes
VDG Offset (D to B4K)
RAM Size
Page Switch
MPU Rate {Crystal : 168 or + 8)
MPLU Rate {Address Dependent or Independent}
System “Device Selects'’ Decoded "On Chip’
Timing is Optimized for Standard Dynamic RAMs
+5.0 ¥ Only Operation
Easy Synchronization of Multiple SAM Systems
OMA Mode

SYNCHRONOUS
' ADDRESS
MULTIPLEXER

LOW POWER SCHOTTKY

) L N SUFFIX
40 N PLASTIC PACKAGE
CASE 711

oL

o J SUFFIX

1 CERAMIC PACKAGE
CASE 734
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MAXIMUM RATINGS (Ts = 25°C untess otherwise noted.) i , __ﬂc CHAR&CTERIS_IICS 14.76 V2 Vpo=5.25 V and 0= Ta~T0'C, uniess otharwise noted|.
I'___ Rating e Symbaol Valua Unit E Characteristic Symbol Min Typ Max ; Units
_PTD'; Supp.v-ly Valage Voo .05t +70 Vdg ! Propagation Detay Times . ; -
= i v oEnTe va {See Circurt in Figure 9] Osciilator.in _ 1o Qscillator-Out tdi{OL-OH} — an ~-
_'i?i\_‘r_""age.|3w R P - o . : | Oscillatorn 4 1o Qecillator-Oui%| tai0H.01) _ 20 _
t | - 30 . i — .
| Input Current (Except O t o ] 1L~ 195 pF) AD thru A5 to Z0. 21, 72 thru 27 taiaz) — 28 —
Cutput Voltage L] 05t »7.0: Wde | 101 = 30 pFr AQ thru A15, RYW 1o 50, §1, S3 t3{A.5] — 18 -
Operating Ambiem Temperature Range Ta 0to -7 c i i€ - 95 pF) Dscillator-Out _to RASD A ta(OL-ROH) —_ 20 —
|Storage Temperaturs Range Tstg -65to 15| °C i 1€ = 85 pF) Oscillator-Qut % to RAS0 t{QL-ROL). — 18 —
Input Woltage Osgiy Vidsen | - 05tovee | wde i (€L = 35 pF) Oscitlator-Out _to RAS) o -‘diClL-FHHJ! _ 2 -
— {C = 95 pF! Oscillator- - ; _ .
Input Current Osc|g IDsc)y |-0510 +5.0] maA | L PF! Dscillator-Out "X to RAS1 W 'HOL-RILY 20 -
tCp = 195 pF! Qscillator-Out 0_to CAS o5 ta (OL-CH) — 20 —
| - 195 pFi Oscill - —
AECOMMENDED OPERATING CONDITIONS 'CL PFi Oscillator-Out % 10 CAS X ta{oL-CL) - 20 —
N T N (€ - 195 pFl Oscillator-Out "%_to WE o 14O L-WH) — 22 ! —
Rating i Symbol Velue } Unit ICL = 195 pFl Oscillator-Out % (o WE "4 LWL — 40 : _
Power Supply Valtage 1 ‘Y_CC 43510 526 ¢ Wdc L {EL = 100 pF) Oscillator-Out _to E a4 I OLEH] — 55 _-——1
Qperating Ambient Termperature Range Ta Oto =70 ; *C (€L = 100 pFl Gscillator-Out M_to E 1 OLEL) _ 25 .
I€L = 100 pF) Oscillator-Out W_to O 4~ d{OL-OH) — T —
DC CHARACTERISTICS ({Unless otherwise noted specifications apply over recommanded powet sunply and ICL = 100 pF) Dscillator-Out % to & 78, tIOL.0L) _ 25 _
temperature ranges.) - r {CL = 30 pF} Gscillator-Qut & to VChe o tA(OH-YH) — -50 —
Charactaristic Symbol Min Typ Max Units ©{CL = 30 pF) Oscillator-Dut o to VCi _ OH-VL) — 65 —
Ingut Voltage — High Logic State | Vi 2.0 — — Voo 1€ = 186 pF) Dacillatar-Out ™ 1o Aow Address t4DL-AR) T 36 _
input Valtage — Low Logic State i viL _ _ 0.8 " : {Cp = 185 pF) Oscitlator-Out “_to Column Address LA OL-AC) - a3 _
' - - & = 15 pFl Oscillator-Qut 4_to DAD o Earliesti 1t 1 - _
Input Clamp Voltage ViK - - 15 v [ - ! atOL-DH) L] -
Ve = Mim, lip = - 18 mA} Al Inputs Except Oscy ) ] (CL = 15 pFj Oscillator-Out 3_to DAG # Latest!1} td{OL-DH} _ ~15 _
Input Current — High Logic Stete at Max Input Valtage I wh _ |Gy 95 pF on RAS, Cy 195 pFon CAS) CAS % to RAS & | taicL-RHy - 208 _
Voo = Max, Vin = 5.25 V1 ¥CIk Input - A 200 Setup Time for AD thru A6, AW Rate - -16 s [A) — 28 — ns
(Voo = Max, Vi - 5.25 V] DAD Input - - 100 \ Fate - - 8 - 28
Voo = Max, ¥ip = 5.25 VI Oscqyt Input - - 250 ; Hald Ti o -
(Voo = Max, Vin = 7.0 V) All Other Inputs Except Gscip . _ _ 100 ! ald Time for AQ thru A15, RW :::: - - 12 thiAl - gg — ns
Input Current High Logic State IyH i wd i —W; T Z "
Vee = Max, Vin = 2.7 V) All Inputs Except VCIk, Os¢jpn® — — D) [ Width of HS Low wl(HS) 2.0 5.0 6.0 us
— i h A .
|np\|"n Cujr:t VltovuiLgiii;StDn;eo | (T8 B -~ ‘ 1z m Notes 1. When using the SAM with an MCES47, the fising edge of DAQ is confined within the range shawn in the timing diagrams (unlass the
IWoe = Max, ¥ip = 0. ] aput B E‘U - synchronizing pracess is sncomplete | Tha synchronizetion process requires & maxirmurm of 32 cycles of Oseqy; for completion
tor = Max, ¥ip = 0.4 ¥ VCIK [nput — -an - ¥ WWLIHSI wider than 6.0 s may yield mare than & saquantial refresh addressas
Voo = Max, Vip = 0.4V, Osgjn = Gnd) Oscgyg Input - — -8
Voo — Max, Wip + 0.4 ¥ Al Other Inputs Except Oscjq - — -4
Qutput Voltage — High Logic State e v .
Voo = Min. gy = — 1.0 mA} RAS0, RASY, CAS, WE YOHIC) K+l — - v :
{Vpe = Min. lgy = —-0.2mAIE G YoMy ‘Yoo 075 — — i FIGURE 7 — PROPAGATION DELAY TIMES
{VEe = Min, Igy = —0.2 mAj Al Other Outputs Yon o 27 . i VERSLUS LOAD CAPACITANCE
Qutput Voltage — Low Logic State e W L | 1 T i : T T -
¥ee = Min, lgL = BS mAl RASO, RAS1, CAS, WE VaLig - - D.5 - 1 i ; + ' —
{Vgg = Min, gL 4.0 mAE, @ Outputs VOLE) - -, DB E i |
Vee = Min, gL = 0.8 mAl VCIk Qutput VOLIv| — — i 08 = - N t !UI: L tr— ! ]
Voo = Min, I - 4.0 mA} All Other Qutputs YoL = — . 0.5 H : i } .
o~ ‘ =
_Power Supply Current oo — 180 H 230 A ] ] = l
L =
Cutput Short-Circuit Current los 30 - I 2,2_“:_'_,,, mA & I
Fincludng Oscgyy iwhen Cecig 48 groundedh é 14
3
£
g 13-
£
i
————————— —_— o
i
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PIN DESCRIFTION TABLE
Namea No. : Functian
E veo 44 Apply + 5 volts = 5%, SAM drawe 1ess than 230 mA,
g Gnd 20 Aaturn Ground for - 5 valts.
A1 3] Mast Significant Bit.
Alg az
A13 36 MPU addrees bits A0-A15, These 16 signals come directly from the MPLU and are usea 1o
= | A12 38 directly address up to 64K memary Incations or to indirectly addrass up to 96K memory
.E All 1 locations. [See pages 17 and 18 for memory maps). Each input is approximately eguivakent
g | AID 2 te one iow power Schattky ioad.
2| as 3
h-]
H Al 4
- | A7 24
® | A6 23
o] =
£]1 © | AS 22
- 21
E1-RE 19
B E | A2 18 ]
- Al 17 :
Al 18 Laast Significant Bir. o
H RW 15 MPU READ or WRITE. This signal comes directly from the MPL and is used (o enzble writing
i to the SAM cantrol register, dynamic RAM |via WE], and to enable device select #0. !
Dscin 3 Apply 14.3181B* MHz crystal and 2 5-30 pF Lrimmegr ta ground See page 12 -l
DAG 8 Disptay Address DAQ. The primary funcrion of this pin is to inpul the least significant kit of a |
16-bit video display address. The mare significant 16-bits are outputs fram an internal 15-bit |
eounter which is clocked by DA{. The secondary function of this pin is 1o indirectly inpol the

" voa
Canteol

logic level of the ¥DG *F5* (fiald synchronization pulsel For vertical video address updating. *
HE L] Horizontal Synchronization, The primary function of this pin is to detect the falling edge of
YDG HS" pulse in order (o initiate eight dynamic RAM refresh cycles. The secondary function .
is to reset up to 4 least significant bits of the internal video address counter.

VCIk 7 VD5 Ciock. The primary functian of this pin is to eutput a 3.579545 MHz squars wave®* to the
VDG ''Clk”’ pin. The sacondary funglion resets the S&M when this VCik pin ts pulled to logic
Lo Ievel, acting as an lnput.

Oscout B : Apply 1.5k} resistor to 14.31818% MHz crystal and 33 pF capacitor to ground. See page 12
52 25 Most Significant Bit (Device Select Bitsh. The binary valug of 52, 51, 50 selects one of a:yht
; 2 g 51 26 “ghunks” of MPU address space {numbers 0 through 7). Varying in length, these “chunks'
! E 2 provide efficient memory mapp:ng for ROMs, RAMSs, Input Output devices, and MPU Yectors
aa {Requires 74LS 138-type demutiplexert )
s0 27 | Least Significant Bit ]
w| E 14 E (Enable Clockt "€ and "Q' are 90° out of phase and are both used as MPL clocks for the |
2 s MCEBUYE. For the MCEBO0 ang MCBBO1E, only “E” is used. "E” is alsc used for many MCESQ0 |
® -3 s perigheral ehips. i
&L L] e 13 a [Quadrature Clock! = O
5 21t 35 : Maost Sigeificant Bit i
‘E v 26t 34 First, the least significant address bits from the MPU or "VDG are presented to Z6- 75 (4K
a n' Z5t 33 x 1 RAMs) or Z0-Z6 (16K x 1 AAMs} or Z0-27 (64K « 1 RAMs! Next, the mast sigmiticant
: E _E‘ Zar 32 address bits fram the MPU ar VDG are presented to Z0-Z5 (4K x 1 RAMsh or Z0 -Z6
‘ = 2 3 31 {16K » T RAMst or Z0 - 27 (64K x 1 RAMs), Nale that for 4K x 1 and 16K x 1 RAMs, Z7 (Pin |
21 i) 35] 15 not needed for address information. Therefore, Pin 35 is used for a second row
} 211 29 address setect which is labeled (RASI].
C 20t 2B Least Significant Bt
! RASIT 15 | Row Addrece Strobe Dne This pulse strobes the least significant €7 or & address bits wto |
b gynamic RAMSs in Bank #1.
‘= g RasOT i 142 Row Address Strobe Zero. This pulse sirobes the ieast significant 6,7 or 8 address bits into .
g Bl . dynamic RAMSs in Bank #£0.
, | CAST 11 ' Column Address Strobe. This pulse strobes the mest significant 8,7 or 8 address bits into
Lo . dynamic RAMs.
i WE1 ] 1e Write Enable. When low, this pulse enat_:_l_es the MPU to write into dynan_w_if: F_IAM

*14. 31818 MHr 15 4 tmas 3579545 BtHz [eiew-sion colar subcartier Other frequences may be used 1See page 12,1
**Wher VDG and SAM are no’ vet synchronized ithe “square wave ' will streteh 1886 page 10|
1 [lue to fas) transitions, Perrile beads in se0es with these outputs may be necessary L0 avdid high frequency 1~ B MBI reseaances

SLOW

FIGURE 2 — TIMING WAVEFORMS for MPL RATE
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FIGURE 4 — SAM 8L OCK DIAGRAM
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SAM BLOCK DIAGRAM DESCRIPTION

MPU Addresses (AD - A15):

These 15 signals come directly from the MPL and are used to directly dddress up to 64K memary [ogatians
K= 1024} or to indirectly address up to 96K memory lovations, by using a paging bit “P" (see pages 17 and
18 for memory maps.} Each input is approximately equivalent to one low power Schottky load.

yDG Address Counter (B0 - B15):

These 16 signals are derived from one input (DAQ] which is the least significant bit of the VDG address. Most
of the counter is simply binary, However, to duplicate the various addressing modes of the MCB847 VDG,
ADDRESS MODIFIER logic is used. Selected by thres VDG mode bits (V2. V1, and V0) from the SAM CONTROL
REGISTER, eight address modificatigns are obtained as shown in Figure 5,

Also, notice that bits BR-B15 may be |loaded from hits FO-FB from the CONTROL REGISTER. This allows the
starting address of the VDG display to be offset {in %K increments] fram $0000 to $FFFF* . B9-B15 are luaded
when a YERTICAL PRE-LOADIVF) puise is generated. VP goes active thighd when H5 from the ¥DG rises it DAL
is high [or a high impedance.} This candition should occur_gnty while the TV glectran beam is in vertical
klanking and is simply implemented by connecting FS and M3 together on the MCE847, The VP pulse also
clears bits B1 - B8,

Firnally, a HORIZONTAL RESET {HR} pulse may also affect the counter by clearing bits B! - B3 or B1 - B4
when HS from the ¥DG is LOW (see Figure 5.) The HR pulse shoutd oceur only while the TV electron beam is
in horizental blanking.

In surnmary, DAD clocks the VUG ADDRESS COUNTER: HR initializes the horizontal portion and VP initializes
the vertical portign of the VDG ADDRESS COUNTER.

REFrash Address Counter (CO - CB): .

A seven bit binary counter with outputs labeled CO - C6 suppligs bursis af eight* sequentiai addresses
triggared by & HS high to law transition. Thus, while the TV electron beam is in horizontal blanking, sight
sequential addresses are accessed. Likewise, the next eight addresses are accessed during the next horizontal
bianking period, etc. In this manner, alt 128 addresses are refreshed in less than 1.1 milliseconds,

Address Multiplexer:

Occupying a large portion of the block diagram in Figure 4, is the address multipfexer which outputs bits
Z0-27 |25 addresses to dynamic RAM's.) inputs to the address multiplexer Include the VDG address (BO - Bi5}
the REFresh address {C0- C6) and the MPL) address {A0 - A15)or (AD - Al4 ptus one paging bit “P™.} The paging
kit *'P* is one bit in the SAM CONTROL REGISTER that is used in plage of A15 when memory map T¥pe #0 s
selected (via the SAM CONTROL REGISTER *'TY™ hit)

Figure & shows which inputs are routed to 20 - 27 and when the routing accurs relative to one SAM machine
eyele. Notice that Z7 and RAST share the same pin. 27 is selected if “M1" in the SAM CONTROL REGISTER IS
HIGH iMemory size = 64K.}

Address Decode:

At the top teft of Figure 4, is the Address Decode block. Qutputs 32, 51, and S0 form a three bit encoded
binary word(5), Thus S may be one of eight values (D through 7) with each value representing s different range
of MPU addresses. {To enable peripheral BOM's or |0, decode the 52, 51, and $0 bits inta eight seperate
signals by using a 74L5138, 74L5155 or 74L5156. Notice that 82, 51, and 50 are not gated with any timing
signals such as E or Q.}

Along with the A5 — A15% inputs is the MEMORY MAP T¥pe bit ¢TY.) This bit is soft-programmatie (as are all
16 bits in the SAM CONTROL REGISTER,} and selecls one of twa memory maps. Memary map #0Q s intended
to be used in systems that are primarily AOM based. Whereas, memory map #1 is intended for a primarily
RAM based system with 64K contiguous RAM lagatians {minus 256 locations.) The various meanings of 52, §1,
80 arg tabulated in Figure 16 (page 19} and again on pages 17 and 18,

_In addition to §2, $1, and 50 ovutputs is a decode of $FFCO through $FFDF which, when gated with E and
R:W, results in the write strobe for the 3AM CONTROL REGISTER.

SAM Control Register
As shown in Figure 4, the CONTAOL REGISTER has 16 “outputs”:

YDG Addressing Modes: ¥2 W1, V0 MPU Rate: R1. RD
VDG Address OFFset: F8, F5, F4, £3, F2, F1, FO Memaory Size (RAML: M1, MO
32K Page Swiich: P Memory Map T¥pe: TY

When the SAM is reset {see page 10,) all 16 bits are ¢leared. To set any one of these 16 bits, the MPU simply
writes 1o 2 unique** odd address iwithin SFFC1 through $FFOF.) To clear any one of these 16 bits, the MPU
*If HS 15 held low langer than B ps. then the numbar of saguenual addresses in one refresh “BURST" 15 propartianal to the time interval
dunng which HE is low.
** See pages ¥7 or 18 for specific addressea.
1 I this degument, the %" symbal always preceeds héxidacimak charactars.
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simply writes to 8 unique**® even address {within $FFCQ through 3FFOE.} Note that the data on the MPU ‘data
Bus is irrevelant.

tnputs to the control register include A4, A3, A2, Al (which are used to select which ane of 16 bits is to be
cleared or set}, AO {which determines the polarity ... clear or set,} and RW, E and $FFCQ - $FFDF (which
restrict the method, timing and addresses for changing one of the 16 bits ) For more detailed descriptions of
the purposes of the 16 control bits, refer to related sections in the BLOCK DIAGRAM DESCRIPTION (pages 8
thraugh 12} and the PROGRAMMING GUIDE (pages 14 through 18).

** See pages 17 or 18 for speofic addresses.

FIGURE 5 — ¥DG ADDRESS MODIFIER

Mads Division Variables i Bits Cleared by HS {low}
vz Vi Vo X ¥
o 0 o ] 12 B1-B4
5 0 1 3 1 B1-B3
e 1 o 1 3 B1-B4 ,
o 11 2 1 B1-B3 :
1 o g 1 2 B1-Bd
1 0 1 1 1 81-83
1 1 o 1 1 81-84
11 1 1 i Nonz [DMA MODE)
FIGURE § — SIGNAL ROUTING for ADDRESS MULTIPLEXER
Mamary Size Signal Row/Column ) Signals Routed to Z0-Z7 Timing
M1 MO | Source z z6 | zs | za | za | z2 | Z1 | Z0 |(Figure 2)
a o a1 | mpu ROW g A6 | A5 | A1 | A3 | Az | A1 | AD ] TITA
coL . L s [ a0 A |48 | A7 | A | TATF |
VDG ROW ' 86 | B5 |84 | B3 |82 | B1 | B | TFTZ
coL + ]t |euleales [es |67 | B8 | veis
REF ROW I 6 | €5 |ca |c3 |cz |1 | co | TRz
coL . L L L L L L L 1217 |
16K 0 1 MPu | ROW . A5 | a5 [ a4 | A3 | A7 | A1 | AD 1 T3 TA |
oL . a3 a1z | a1t | a0 | A3 | A8 | A7 | TATF
VDG ROW - 85  B5 | B4 83 | B2 |81 | B0 | TRz
coL - B3 [ ez | e [ p1o | Be ' me | B7 | T2T7
REF ROW . ce [¢cs |ca [c3 Tez le1 -co | TFT2
i coL . L L L CoL Lot T2.17
64K (dynamic} MPU | ROw AT | a6 | A5 | ac | A3 | A2 | A1 | AD | TI.7A
T e coL patstre] ara | Az | A12 | A11 ] A0 | A9 a8 | TATE
VDG rRow | a7 B5 | B85 ! Ba | B3 | B2 | 81 | 80 | TFTZ
| coL | s [mie s iz Twiv (w0 [es |88 | 127 |
REF ROW 1 €6 :C5 c4 G2 c2 | 1 | co I TFT2 |
coL L L L Lo L L Lo
| 64K {static) MPU ROW T A a6 L as | a4 A3 | A2 | A1 a0 | TiTe
v coL PGt Al4 | 413 | A1Z ATT | ATD  A® | AB | TOTE
VDG ROW “"87 e | es | sa @3 !Bz 81 B0 | TET
cor "5 [ ea e mzlen  eto| Be  em | 17
REF | Row L € jcs |ca lca 2 o co | TREMY
coL L L L R T T T
: ;

Notas. "L° mﬁliss logical LOW lavel.
"Z7 lunctions as RAS1 and its lgvel 15 address dependent, For example. when using two banks of 16K x 1 RAMs. AASO 15 aclive for adoresses
0000 w0 BIFFF and AAST & active o addressas $4000 1o $7FFF
"It Map T¥pe = 0. then page v " & Ihe DDLUt (0dherwse A15]
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Internal Reset
By lowering Vo below 0.6 volts for at Ieast one millisecond, a complete SAM reset is initiated and is
campiated within 500 nanoseconds after Ve rises above 4.25% volis.
NOTE: In some applications, {for example, multiple "'VDG-RAM" systems contrelled by a single MFU}
multiple SAM ICs can be syncnronized as follows:
# Drive ali SAM's from one exiernat oscilkatar.
® Stop external oscillator,
& Lower Vo below 0.6 volts for at least 1.0 milligecond.
* Raise V- ta 5.0 volts.
® Start external oscillator.
& Wait at least 5300 nanoseconds.
Now, the “E" ¢clacks from all SAM's should be in-phase.

External Reset

When the ¥Clk pin on SAM is forced below 0.8 volts for at least eight cycles of “'oscillator-aut”, lhe__Sﬁ_I‘y"I
bacamas partially reset. That is, al! bits in the SAM control register are cleared. However, signals such as RAS,
CAS, WE, E or Q are not stopped (as they are with an internal reset), since the SAM must maintain dynamic
RAM refresh sven during this external reset period.

Figure 7 shows how VCIk can be pulled low through diode D1 when node “A" is low.” When node "A” is
high, only the backbiased capacitence of dinde D1 loads the 3.58 MHz on VCIk. Diode D2 helps discharge C1
{Power-on-Reset capacitor} when power is turned off. Diode D3 allows the MPU reset time constant RIC; 1]
be greater than the SAM reset time constant. Thereby, ensuring release of the SAM reset prior to attempting
tn program the SAM control register,

FIGURE 7 — EXTERNAL RESET CIRCUITRY

~5.0V 50V

100 kik

Node “A"
100 ki b2 R2
D3

Manual I l » D1 J_‘I.U E

System 0.1 uF "

R n o] c2

eset

Switch? j_ ) 3.58 MHz
WEAk Clk Raset
SAM VDG MPL

Mesae3 MCEg47 MCE309E

¥DG Synchronization

In order for the ¥DG and MPY to share the same dynamic RAM {see page 13,) the VDG ctock must be stopped
until the ¥DG data fetch and MPL data fetch are synchronized as shown in Figure 12, Once synchronized, the
VDG clock resumes its 3.579545 MHz rate and is not stoppad again unlgss an extreme temperature change ior
SAM reset) occurs. When stopped, the ¥DG ¢lock remains stopped for no more than 32 Osenygyp cycles (ap-
proximately 2 microseconds.)

In the black diagram in Figure 4, DAQ enters a block labeled VDG Timing Error Detector. [F DAG rises batween
time reference points** 14 and 7¢, then Error is high and YClk i the result of dividing BOSC {Butfered Oscpyyy
= 14 MHz| by four. However, if DAD rises outside the time Window 74 to ¢, then Errar goes LOW and the VDG
stops. A START pulse at time reference point 1g {center of Window) restarts the VDG . . . properly synchronized.

*Usa a digde with sufficiently Yow forward voltage drog to maeer ¥ requirernant a1 vCik.

*+Sae timing diagrams on page 5 and §.

Changing the MPLU Hate (by changing SAM controi register bits R0, R19,

Twa bits in the SAM controt register determine the period of both “E' and Q" MPU ¢locks. Three rale modes
are implemenied as follows:

—_—
| RATE MODE R1 RO

SLOW [ The frequency of “"E” (and "*Q""} is f crysta) = 16. This rate mode is automalicaily selected when
the SAM is reser. Note that system (iming is feast crivical in this “'SLOW" rate mode.
AD. o1 The frequeacy of "E” {and “Q"} iz ither [ erystal = 16 or forystal + 8, depending on the address

{Address Dependent) the MPU is presanting.

FAST 1 X The frequency of “E* {and 0"} is f erystal = 8. This is accomplished by stealing the time that
is normally used for VDG/REFRESH, and using this time for the MPU. Note: Neither VDG display
nar dynamic RAM refresh are available in the “"FAST" rate moge. {Bath ace svailahla in SLOW
and A.D. rate modest,

When changirg between any two of the three rate modes, the following procedures must be foltowed to
ensure that MPU timing specifications are met:

RATE MODE

| SLow | agoBetRo e oSetRY This direct patnis P
Al __.{._ I S — JEQuEl not allpwac except by "

| FAST z {See Below) ety hBrdwara r!sel...i

| Set RO, then CLEAR A1

May be ANY addrass from $0000 to $7FFF.
SEQUENCE #1: - o
70 00 00 TST #%0000 ... Synchronizes STA instruction to write during T2.TG iSee Figure #8)."
FARE Y] BRN 00
87 FF D6 STA #%5FFDG . .. Clears bil RO

*Note: “TST” instruction alfecta MCG80SE condition code ragister

Changing the MPL Rate (In Address Dependent Mode)

When the SAM control register bits “R1*, and "R’ are pragrammed to *'0" and *'{", respectively, the
Address Dependent Rate Mode is selecked. In this mode, the + 16 MPU rate is automatically used when
addressing within $0000 to $7FFF* ar $FFO0 to $FF1F ranges. Otherwise the = B MPU rate is automatically
used. {Refer to Figure 8 for sample “E”" ang “Q'" waveforms yielding + 810 ~ 16and = 16ta + 8 rate
changes). This mode often neatly doubles the MPU throughput while stitl providing transparent VDG and
dynamic, RAM refresh functions. For example, since much of the MPU's time may be spent performing
internal MPU functions {address = $FFFF)**, accessing ROM {address — $8000 1o $FEFF} or accessing 11D
{address = $FF20 — $FF5F}, the faster f crystal + 8 MPU rate may be used much of the time.

Note: Tha VOG cperates normally when using the SLOW of A.D. rate mades Mowever, in tha FAST rala mode, tha VDG is not allowed access to
the dynamic RAM.

FIGURE 8 — RATE CHANGE E AND ( WAVEFORMS

fast slow fast

“'slow"” address detected here “fas1’” address detected hare

*When using Memory Map 0, addresses $0000 to 5?FFF may access Dynamic RAM.
" The MCEENS autputs $FFFF an A0-415 when no other vafid addrasses ara being presented
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Oscillator o

In Figure 4, an amplifier between Dscjp and Oscgy provides the gain far osmlh;nun fusing 2 crysial as shown
in rigare 9.) Alternately, Pin 5 (Ose|g) may be grounded while Pin & {OscQy) may be driven at low-power
Schottky levels as shown in Figure 10, Also, see Viy. Vi an page 2.

2949

taH{Ose) AC Specifications®
OeQyut 20V S 08 Max Tyg ¢ Min Units
s | o [ WhiDsg) | — 30 22 ns |
- - IptiQsc) — 30 22 1. ms
foye(Qser—— leyciCsel - 0 62.4 ns

FIGURE 8 — CRYSTAL OGCILLATOR

Suggestad Component Values

Fregq.
MHz GV | CF* R1*
2.5-30 33 1.5

pF pF kil

fan X1

14.31818 ~ 100K| 10K N

2630 a3 VE | .
16.0000 =" ¢ PF Wil 100K 10K
4
\
[N
Recommanded Cryatal Parameters ! N
hs
1431818 MHz** 16,0000 MHz"® \\ oA HDI B
g 100200 100200 \ _
co 50pF + 1.5 pF 5.0 pF = 1.0 pF \\ —n
c1 0.0245 pF + 15% 0.0319 pF + 15% el a Y sy RS 5
L £.05 mH 31 mH "
1Y
"] 50K = 10K agK = 10K b
Calibration Tolerance: D.DOZ% o 26°C
Tarmnparaturs Tolsrance: 0.001% 0°C 1o 70°C
FIGURE 10 — TTL CLOCK INPUT
5
D=y
SAM T L R4 = 200§ Typ, 50 {t Min}
MCESS3 = R4 :] +—< o W o
o Ose
QUL ais00

{Uszed ag an input)

*Optimum values depand an characteristics of the crystal £X1). For many applications, YOIk must be 3.578545 MHz = 50 Hz! Hence,
Chsegayr must be made similarly "drift resistant™ (by balaneing ira coafficients of X1, Cv. CF. R1. R2 and A3},
**Specifically cut for MCGBR ars Imarnationsl Crysial Manofaciuring, Inc, Crystals (#167568 for 14.31818 MHz or #187563 for 16.0 MH.
Howavar, othsr crystals may be osed.

THEORY OF OPERATION

Vidao or No Video

Although 1he MCB383 may be used as a dynarm:. RAM cantrailer without a vedeo displav?, most applicanons
are likely to include a MCGB47 video display generato. (¥DGL Tpestors this decumint emphasizes MOBES3
with MCRAAT systains

Shared RAM (with interleaved DMA)

To minimize the number of FAM and :nterface chips. balr the MPU and vDG share common dyrnamizc RAM,
et the use of commen RAM creates an apparent diffica'sy That is. the MPU and YOG musl both access toe
RAM without conlenfinn. This difficulty is avercome by tak.ny advantage of the tiring and architgcture of
Matorola MPU's (MCBE00, MCBBME, MCER0IE, MCEB0O0C!. Specificaliv, all MPU sroessas of external siemory
slways occur in the latter half of the machine cycle, as shown below:

FiGURE 11 — MOTORCLA MPU TIMING

QOne Machine Cycle
A

Al
‘B Clock:
TApprox. 1 MHMz)
f
S *-__.J\.‘J\. _______ SN
MPU Addrass MPU Data MPLU Addracs MPU Data
Window Wirdow

Similarly, the MCEB47 (non.interlaced) VDG transfers a data byte in a half machine cycle [E or ©2}. Thuys,
when praparly positioned, VOG and MPU RAM accesses interleave without contention as shown below:

FIGURE 12 — MOTOROLA MPU WITH VDG TIMING

VDG Data YOG Data
VDG Address Window VDG Aj\dclress Window
- g Y et m—

E’ Clock: VDG Half
{Approx. 1 MHzI { 1 MPU Halt | |
S ) S . ..(-___J\VJ
MPU Address MPU Data MFL Address MPU Data

Window Window

This Interleaved Direct Memory Access (IDMA) is synchronized via the MCBES3 by centering the VDG data
window haif-way between MPU data windows **

The result is a shared RAM system without MPU:VDG RAM sccess contention, with both MPU and VDG
running uninterrupted at normal operating speed, each transparent to the other,

RAM Refresh

Dynamic RAM refresh is sccomplished by accessing eight*** sequential addressas every 54™ " mictoseconds
untfl 128 consecutive addresses have been accessed. To aveid RAM access contention between REFRESH and
MPU, sach of the 128 refresh accesses occupies the “VDG half” of the interieaved DMA (IDMA}. Furthermaore,
refresh accesses oceur only during the television retrace periad (at which time the YOG doesn't need to access
ARAM).

In summary, the VDG, MPLU and MCE883's Refresh Counter all transparently access the common dynamic
RAM without contention or interruption.

Why IDMA?

Use of the interleaved direct memory access results in fast madificatian 1o variable portions of display RAM,
by the MPU, without any distracting flashes on the screen {due to RAM access contention.) In addition, the
MPU is not slowed down nar stopped by the MCB8383; thereby, assuring accurate software timing loops without
coslly additional hardware timers. Furthermore, additional hardwsre and software to give "access permission”
ta the MPU is efiminated since the MPU may access RAM at any time.

* Only 1 pir, (DAQ} out of 4 pins s dedicated to the videa display
** See VDG aynchranation Ipage 14) For more datad.
PEE When not using a MCEB47, HE may be wirad low Fgr contipuous transgarent rafrash.
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~Systams On Silicon™ Concept

Total Timing

For most applications, the SAM can supply complete system timing from its on-chip precision 14.31818 MHz
osciliator. This includes buffered MPU clocks {E and O}, VDG clock, celor subcarrier {3.58 MHz], row address
salect {RAS), column address seiect {CAS) and write enable [WE).

Total Address Decode

For most applications, the SAM plus 2 1 of B decoder” chip completely decodes 1'0, ROM and RAM chip
gelects without wasting memory address space and without needlessly chepping-up contiguous address space.
Chip selects are positioned in address space to allow three types of memory {RAM, local ROM and cartridge
ROM] independent ream for growth. For example, RAM may grow from address $0000-up, cartridge ROM may
grow from address $FEFF-down and iocal ROM may graw frem $FBFF-dewn. Ahernately, if the application
requires minimum ROM and maximum contiguous RAM, a secand choice of two memory maps piaces RAM
from $0000 to $FEFF. {See pages 17 and 1B.}

In both memory maps all '3, MPU vectors, SAM control registers, and some reserved address spaces are
gfficiently contained between addresses $FF00 and $FFFF.

How Much RAM?
Using ninge SAM pins {Z0 - Z7 and RAS0| the following combinations require no additional address logic.

FIGURE 13 — AAM CONFIGURATIONS

Address; Chip Select:
MSE LS8
252423222120 AASH
IEZAZAZI21TO .. RAST :=zn%” "7 7=~ One or two banks of 4K x 8 {like MCM4027's)
ZEZEZAZIZIZIZO cocrvvvvmsvems e eresserssner e RABD
26Z52423Z22120 .. RAST (=Z7I{ "~ "~~~ One or twe banks of 16K x B {like MCM4116'5}

27Z6ZE2423ZI21L0 .. One bank ot 64K x B {like MCME665's)

PROGRAMMING GUIDE

SAM — Programmability
The SAM contains a 16-bit cantrol register whith allows the MCEB09E to program the SAM far the foliowing
options:

¥DG Addressing Mode .......... 3-bits
VDG Addresg Offset ............... 7-bits
32K Page Switch e b-bit
MPU Rate ... . 2-bits
Memory Size 2-bits
Map Type 1-bit

Note that when the SAM is reset by first applying power or by manua! hardware reset,t all control regisier
bits are claarad (to a logic ""0”).

VDG Addressing Mode

Three bits (V2, V1, V0l control the seguence of DISPLAY ADDRESSES generated by the SAM (which are used
to scan dynamic RAM for video information). For example, if you wish to display Dynamic RAM data as
INTERNAL ALPHANUMERICS VIDEO, you should program?} the MC6847 for the INTERNAL ALFHANUMERICS
MODE and CLEAR BITS ¥Z, V1 and V0 in the SAM. The table on the following page summarizes the available
modes:

t Sae Figure 7 for manual rasst circuil
% Typically, part of a PIA tMCEB21) at location SFFIZ is used to cantrol MCGB47 modes. [See MCGEST Data Sheet.)
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MCER4T Mode 5AM Moda
! T Gmae : T
Moda Type GiA | GM2 GM+ | EXTi ¢ ¢SS
__I_mernal Alphanumerncs 0 | X X
Extamal Alphooumerics | 0 % X
_OSemigraph;c; — 4 70 ) . A : X
Semigraphics —6 e x s
Semigraphics — 8* 0 X ; X
_Semigrapmg_;_-_- iy _ _-EI_. -_‘X X
Sermigraphics — 247 T i) ! X o X
B T Y. AN
Full Graphies — 1€ i : 0 0
| Fulf Geaphics — R RS

Fult Graphics — 2C

Full Craphics - 2R 1

- ajo|a

Full Graphicg — 6C
Fubl Graphics — GR

Dirgrl Memory Access!

"SR %72 K 574 maoes are Aok Jewcr-baed n the MECGA47 Dats Sheet See spoendin “A
*OMA is ideniics' to BR eacept as shown in Frgurs 5 on page @

VDG Address Offset

Sewen bits (F&, F5, F4, F3, F2, 1 and FO} determine the Starting Address for the videa display. The
“Starting Address' is defined as “the address corresponding to data displayed in the Upper Laft corner of
the TV screen”. The “Starting Address” is shown below in binary:

[ro s [ Fa (Fa]e 1 lr 0] o0 o0lo oo o]l 0],

Most . _ j
. Least
. Sigreficant Significam
BEit Bit

Note that the “Starting Address’” may be placed anywhere within the 4K address space with a resglution af
2K {the size of one alphanumeric page).
The F6-FD bits take etfect during the TV vertical synchronizalian pulse [i.e., when FS from MCE547 18 1wk,

Page Switch

One bit {P1} is vsed "in place of " A15 from the MCBBOSE in order to refer access within SO000-37EEF te une
of two 32K byie peges of RAM_ if the system does not use more than 32K bytes of RAM, P1 can be grarec **

STWhen ugrng 4K w1 RAMS. two banks al sighe 1T's are aliowed Ths acraunss ‘o0 Addrvsses $O0C0-UFFE AlRe -fas sgine RAM oo np
Addraxsed at 2000 $2FFF 34000 $5FFF and 5E0GO-E7FFF
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MPU Rate

Two bits (R1, RO) contrel the clock rate to the MCE80SE MPU. The options are-

RATE (FREQUENCY OF “E"” CLOCK] | R1| RO

0.9 MHz {Crystal Frequency - 16) Slow HER
0.9/1.8 MHz |Address Depandent Ratel | 01
1.8 MHz {rystal Freguency + 8| Fast ! 1 x

1

ITypicat Crystal Fraquency = 14 31818 MHz)

in the “address dependent rate’” mode, sccesses to S0000-$7FFF and $FFOO-$FF1F are siowed 10 0.9 MHz
{crystal frequency + 16} and all other addresses sre accessed at 1.8 MHz (urystal frequency = 8.}

Memory Size

Two bits (M1 and MO} determine RAM memory size. The options are:

IMPORTANT!

SIZE M1 Mo
One or bwo banks of 4K x 1 dynamic RAMz a 0 |
One or two banks of 16K x 1 dynamic RAMs LU I
One bank aof B4K = 1 dynemic RAMs 1 0}
i Up to 84K static Ram*| 1 1 |
]

“Aequires 3 lgtch for damultiplexing the AAM addrass.

Mote: Be sure to program the SAM for the correct memory size before using RAM (ie., for a subroutine

stack).

Map Type

Ona kit {TY¥] is used 1o select between two mermory map canfigurations.
Refer to pages 17, 18 and 19 far details. When using Map Type "TY - 17, anty the "Slow™ MPU rate may
be used. Future versions of the SAM may Bllow use of al rates.

Writing To The SAM Control Register

Any bitin the control register (CR) may be s&1 by writing to a specific unigue address. Each pit has two unique
addresses ... writing to the even # address clears the bit and writing to the odd # address sets the bit. (Data
on the data bus is irrelevant in this procedure.) The specific addresses are tabulated on pages 17 and 18

If desired. & short routine may be written to program the 5a0 CR 'a word at a time”, For exampie, the
following routine copies “B" bits frorm “A" register to SAM CR addresses beginning with address “X",

e
SAM1 46 ROR A :
24 06 BCC  SAMZ

W 0T INK (LEAXIX)

A7 B STA OX- .

20 02 BRA 5AMI |
5AM2 A7 B) STA OX I
SAM3 54 DEC B |

26 F2  BNE SAMY :

3z RTS
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FIGURE 14 — MEMORY MAP [TYPE #0)

r
H COURSE FINE
MCEBOSE 52,
MC$809€E - B _, Address | 51, 50MCEH09E
Vectors, Bits Value Mddress Deliniticns
Sanm SEFEF ¥ ¥ o — ——— ---
Contral, SN L A I
" S I T ;
ro $FFOD 4 N M W &
. " I My, MM .
k.
1 M i
. .
ROMz" - . L
| M.
- - ¥ L5
[E=13) | Frrs [ =W
s FF T ™
i ;\\\‘ rr.: k, Swi3
¥ A FFR1 !
P =Y
I8 = 23—
R T :
N _UI‘U—E;1 Resurvad
———— = C5Co00 R for future
FER ) MEL
GEES RRE E8 eénhancements.
£7
| FEEE D nat use!
[s=2) L
-
__s —64K5 Statc
—————— H $AD00 [ Feei 1 | 6aKD !
L =T ¥ hieol r [ { Dynamic
ROMa" | \ F L Type (170 o rasy
N F
o Teene Sl M | Memary ;[ TT]00 FAST { Trangparem
B I~ B 3 —AD. * !
8= 1) .EE.EA — o Sz ! 1|o I 1o | [ 5Low | Relresh
- H ! T
f_& — m MPU * gl
r— —————— < $6000 ! e I als]s]
1
| ' £l SC n Page #1 |.f MPU Addresses trom £0000 o $7FFF
| | \ 5 F Apply to page #1 i P1 "
i ; FFOZ o M ]
‘ FED 5 5 Address af “Upper Lat-Maost
! . [ Disploy Element - $0600 + (K- Offset
RA‘M 18 = NI reg ] ™| Display I A
B g £ 1 r | Oftset | G6R, G6C
iS=01RW = 1) e - {@inaryl || GaR
I§=7 it AW = 0) Fraa ] ®2 ' G3C
f FFCY s G2R
0 \ FFLE o —GH
) 22 I ! ! ' GtC, GIR
! i = [ \ AL AE, 54, 56
: E; _SC_V? DG K ]Io]o
| Mod :
[ e n L L P L “ |s:MeJ RS L
: i L W Vel ]e, g
| | R. Reserved for Future
: | . Do not use! Contrgl Regisrers ar Speciai |G
! y |
| 16K 10y !
i
.
|
1
: 104
== T--{smou '
Pl —
1 aK I
. 1 OpiSlow:
it Lo e
Page1 Page 0 —
f .
Note: ""May alzo be RAM

M.S. = Maost Sigrificant
L.§ - Least Significanr

5 - Serdir )
C - Clear @it §

S = Davice Select value - 4 x 52 .

2x581 + 1 x50

{Alt bits are cleared when SAM 15 reset.)
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FIGURE 15 — MEMORY MAP (TYPE #11
COURSE FINE
MCBA0SE 52,
M{CB303E 8 Address 51, 50 MCE809E .
Vectors, Bits ¥ Value Address Label Definitions
M o) < SFFFF e
Control, NN 73 FESET
0, Boat M —
|c:wM / $FFOD \1 B =
3 W swi
\\ d L. =il
7R M
\ 7 '|;‘ . R
$=3 ek sz
if
- FFF3
RW =0} h_j"-— swi3
FEF
E
15=10 15=2) FE
if N T
RIW = 1) —':E‘ED—E: Rasarvad
g T.:—<SC000 for fulure
{s'f' MFU
enhancements.
W =0}
s=¢ Do not usal
n.-W"= 1 E4KS Static
= R—"U—*%unao ’7 84KD !
5 =1 - | r 16K ‘Dvnarmc
" sc T 1’.“& w1 r 4K rasT
RW = 2 : o FAST
=0l M| Memary it l a0, { Transparant
B=0 SC MO Suze IR EAREE |— = 5LOW § Refrash
= _ e m MPU 1 [
é L '—u-(seooo 2 o fate 1lati]e
o sc P | Pege e |} (N effect in this map tepet
- \
5
< c1" L Addresa of "Upper-Left-Most
EE sc 5 Digplay Element” = 0000 ~ [V3K» Offset]
FFCF E
{S=7} T 1 ™ | Dopay | A
EFCD) sc F3 | Offsat | GBHGGSC
7 N {Binary] 3 e
18=17 \i ZE N O I r e o
mig o 1272 B ; r {7 A AE 5258
T ._EEGI o VDG a1 [t]e]ele]a
M W - S Moda |1ee|1inn
— et C (SAN)
ﬂ i v tlafv]o|1]e ]_1 [
\_EEE.._ ROM Boot Load™*
F— T & MC5B03 Vectors
-~ F *IDpcade 52, 81, and 80 wilh an opar
= ! colsctor SN74L5156 and “wirs-or’ stata 7
|6 =8} 1:02 .
with state 7. {Ses Appandix B for
suggested decode cirouit. | __
***To avoid ACM snabla during AW = LOW,
the AOM at § = Z must be galed with R- W,
IS Ll {$em Appandix B for suggested decode cirgust.)
\ 18 1O Slow]
$0000

L

lagt Significant
#ast Significant

5=5
c=¢C
8 =0

et Bir
lear Bit
wvice Salac value = 4u 52 ¢ Zx 81 + 150

EiNI bits are cleared when SAM is reser.|

FIGURE 16 — MEMORY ALLOCATION TABLE
{Also, see the memery MAPS on pages 17 and 18.}

Typs # 0:  (Primarily for ROM based systems|
—
: S=4{82}+2
151)+ 50
Addreas Aange § Value intendad Lise
! $FFFZ 1o FFFF 2 MCES0IE Vectors: Reset , NMI, SwI, TRG, FIRG, SWI2, SWI3.
FFED to FFFt 2 Reserved for future MPU enhancements.
FFCT to FFDF 7 SAM Contro! Register: V0, - V2, FO — FG, P, RO, R1, MO, M1, TY,
FFEO to FFBF 7 Reserved for future control ragister enhancements,
FF40 to FFEF 1 1:072: Input:Quiput {PlAs, ACIAg, e1e.} To subdivide, use A - Ad.
FF20 to FF3F 5 1:Q9: Input-Qutpur {PIAs, ACIAs, atc.] To subdivide, use A - Ad.
FFDO ta FF1F 4 1:0g: Input Gutput |PLAs, ACIAS, ete] To subdivide, use &0 - A4,
CO00 to FEFF 3 ROMZ: 16K addresses. External cartridge ROM™,
A000 to BFFF 2 ROM1: 8K addresses. Internal ROM™. Note that MCGROUE vector addressae select this
i ROM®,
. 8000 1o 9FFF 1 ! ROMG: BK addresses, Internal AQM*.
! Q000 1o FFFF Dif AW - 1 RAM: 32K addresses. RAM shared by MPY and VDG,
' 7TIHRW -0
| B

"Moot restrcied 10 ROM For examiple, RAM of ! O may ba used hara,

Typa # 1:  (Primariiy for AAM based systems]

Address Range

S=ai52]+2 ]|
[§11+50 !
S Valus !

Intanded Use

$FFF2 to FFFF
FFED 10 FFF1
FFCO 1o FFDF
FFGC 1o FFBF
FFAQ 1o FESF
FF20 to FF3F
FFO0 to FRIF
0000 10 FEFF

Slbmcn-.l-.lmm

i
1
|
DIfRW - T
i

MCGB09E Vectors: Resel, N#I, SWi, IRC, FIRQ, SWI2, SWI3.
Reserved for future MPU enhancemants.

S5AM Control Bogister: W - W2, FO - Fg. P. RO, R1, Mo, M1, TV,
Smail ROM: Boat iead progrem and iniljal MCES09 vactors.

: Og: Input'Gutpur {P1As, ACEAs,
1-0: Input Qutput (Plas, ACIAs,
1:C0g: InputQutput (PIAS, ACIAs,

elr.] To subdivide, use AQ-Ad
ete] To subdivide, uze AD- A4
atc.) To subdivide, use A7 Ad

RAM: B4K({ - 256) addresses. shared by MPU and ¥DBG
(IFR-W = 0 then S 3 For $CO00-$FEFF; 5 - 2 for $A000-3BFFF; 5 = 1 for
$BO00-$9FFF and 5 - 7 for 500D0-£7FFF }
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APPENDIX A
VDG/SAM Video Display System Offers 3 New Modes
by

Paui Fletcher

There are three new modes created when the VDG
and SAM are used togethar in a video display sys-
tem. These modes affer aiphanumeric compatibtiity
with 8 colar low-to-high resolutien graphics,
BAH*64Y, B4H*9EY, 64H*192V_ The new modes 58,
512, and 524 are created by placing the VDG in the
Alpha Internal mode and having the SAM in a 2K,
3% or 6K full color graphics made. In all modes the
V¥DG's 5/A and Inv, pins are connected to data bits
pD7 and DDE to allow switching on the fly between
Alpha and Semigraphics and between inverted
and non-inverted alpha. This methad is used in
most VDG systems to obtain maximum flexibility.

The three modes divide the standard 8*12 dot box
used by the YOG for the standard aipha and semi-
graphice modes into eight 4*3 dot boxes for the 58
modea, twelve 4*2 dot boxes for the 512 mode, and
wenty-four 41 dat boxes for the 524 mode. Figure
17 shows the arrangement of these boxes. One byte
is needed to control two horizontally consecutive
boxes. It therefore takes four bytes for the S8, six
bytes far the §12, and 12 bytes for the 524 mode to
control the entire §*12 dot box. These two horizon-
tally consecutive boxes have four combinations af
Juminance controlled by bits B0 — B3. For conven-

ignce B2 should be made equal to B0 and B3 should
be made ecal to 81, This eliminates a screen place-
ment problem which would cause other codes to
change patterns when moved vertically on the
screen. The illuminated boxes can be one of eight
colors which are controlled by B4 - BB {see Figure
18}. The bytes ngeded to control al! the boxes in the
8*12 dot box must be spaced 32 address spaces
apart in the display RAM because of the addressing
scheme orginally used in the YOG and duplicated
by the SAM. This means 1o place an alphanumeric
character op the TV screen it requires 4, 6 or 12
bytes depending on the mode used. These bytes are
placed 32 memory locationg apart in the display
RAM isee Figure 18i. This multiple byte format al-
lows the mixing of character rows of different char-
acters in the same B*12 dot box creating new char-
acters and symbols. It also allows overlining and
undertining in eight colors by switching to sermi-
graphics at the correct time.

These new modes oplimize the memory versus
screen density tradeofis for AF performance on
color TVs. This eould make them the most versatile
of ali the modes depending on the users creativity
and the software sophisticatian.

APPENDIX B
Memory Decode for "MAP TYPE = 1"

MPU Vectors and

Boot Load ROM

128 X B {or 256 X 9)
EN__EN

Yoo = 16 k
Gnd = 8 +5.\l’)-\M1 AW
7 (Gaal bg>
= +5.0
E _ 1 _
I § Ozal [75¥ >0,
r—1Ea + 5
1 == v ] _
% (Bral [g>¥ > 104
+ E.D-NM—}
%i0ga) 7,“' > 1D
SNT4LS156
3 By} HlwNC
- == |11
S2> - Ep 2 {Ogp) >
E
TN = |10
From S54M = 3 1 [Oqpt = NC
Sy —t iy g 50V
Sp>—; 1% 0 (Gg! —)g-—)
AAM READ

307

Scan
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58

Scan
Lines

512

Stan

Lines

524

FIGURE 17 — DISPLAY MODES S8, 512, 524
Bit'Visitks Dot Carrelation

[-—8
Left  Right
L

Address Byte
LL Xy

] $XX00 ($01)
&
$X%20 (501) %01 is the
12 YOG "ABCHT
$xx40 (501) | cade for A",
$XX60 (301)
® Alphanumeric Compatible
- |,
 Dors Left  Right .,
. Red | Red | $XX00 (3BF)
Biue Qff $XX20 ($AA)
i
1f1 oft | Green | $XX40 {585}
4
Grange | Grange | $XX&0 ($FF)
[ Qff SXXa0 (3800
¥ Yellow | Yelluw | $XXA0 ($9F)
® Options: One of 8 colors for
L or R or both. Off - Black
-1—-—3—-—b-'
L ™
lug Blue |$XXC0 ($AF)
. Black | Black |8XX26 ($8a) .
™ Biack | Brack |sxX40 isa0) VOO
s]eleTeTe] 1 5xx50 1514} —Code
) o] 1sxxa0 {§18), TOrT
ta s $XXAD {$181 )
- EXACO ($18H) VDG
., |. $XXEO0 ($18) > Code
[ | (EX100 ($18) | far X
[ ®] |$X120 (518
| Black lack |8xX140 (880
reen | Green | $X160 ($8F)
# Underine, Overling
* Mix Character Dof Rows

**" Chargcters will always reman on standard YOO posificns
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FIGURE 73 — E AND G QUTPUTS

FIGURE 20 — EQUIVALENT OF OSCILLATOR INPUT AND OUTPUT
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FIGURE 18 — EXAMPLE of MC5209E, MGSESS and MCER4T COMPUTER
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