Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

g

Apple /// Computer Information

Apple ///
Service Reference Manual

Section | of II « Theory of Operation

Chapter 5 « System Clocks & Timing

Written by Apple Computer « 1982

| Chapter 5 of 28 « Apple Computer Inc + 1982 Page 0001 of 0013




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

“ra uaTET

¢ e ; -
@icepia computar nc. ’

SYSTEM CLOCKS & TIMING

MAIN CLOCK (Cl4M)

The Apple /// has as its master clock a 14 megahertz crystal controlled
oscillator. The active components of the clock circuitry are Q10, Qll, and Yl.
The exact frequency of the oscillator is 14.318 MHz. The slight increase over

14 MHz 1s compensated for in other logic. Device Bl13 provides buffering and
power amplification to drive all the other loads on the Cl4M and Cl4M* lines.

FREQUENCY DIVIDER

The next circuit in the system clock section is the frequency divider formed by
device Bl12 and Bl3. This develops both the C7M* and the C3.5M*.

The C7M signal is developed by clocking the Q* output into the data input of a
D-type latche This results in a divide~-by-two function of the clock frequency.

The C3.5M clock is developed in the same manner. However, the data input to the
latch is an Exclusive-=Or function of C7M and C3.5M at Bl3. This accomplishes
two functions:

o it divides the Cl4M clock by 4, and
o it gives a definite phase relationship of C7M to C3.5M clocks.

Looking at the timing diagram below we see that the D2 input of Bl12 is high if
either the C7M or the C3.5 clock is high but not when both are high. This
function is effectively at 3.5 MHz which toggles on the positive edge of the 7MHz
clocke The true C3.5M signal toggles on the negative edge of the C7M clock.
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"Q" TIMING

The Q clocks are a series of 2 MHz clocks which are out of phase with one another

by one clock time (refer to the Apple /// Timing diagrams). The rest of the
system timing depends on the states of the "Q" outputs. They provide the basis

5.1
\_ )

| Chapter 5 of 28 « Apple Computer Inc + 1982 Page 0002 of 0013 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual
B aay TR O W TR ST E ¥ . - TR - - Emany - -ﬁ
@-epia computar nc.
A
FREQUENLY DIV OEXL.,
+3
Hor, 2orree vzt RS3
MASE Disasis > @Eioieyly Exreies 8Y X
“% Sak=y-
sch '
LY Y 3 s Go
L b uﬂ.—)a:
L oy SETNe TO DISK
[l L .
] Bl T dn g S&eTioN
AT
M 32
am |
] :2'@
e —u 8 ot lycTm
e 2% | g SE R
PUASE e 5 )P M SR
574 . 2103 wl L can
1A :‘Du 'i 13 8ie “"g—";.—_‘:‘
AX - q Qo ——qtH Dy S
=5 I@ R - 721-3
T3] tm L S tussai)
3 PREWM *‘M;‘?t?;;:
L 5.2 )
| Chapter 5 of 28 « Apple Computer Inc + 1982

Page 0003 of 0013 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

7 <

B A U e N o N o N N N N N NV 2 N N2 NV ARV N NIV N NV W NIV N
————\__ [\ S S et T Nd TN\
f—

awmw S/ \

~ ™\ T N/ [
&=/ \ e A\ ./ \a A
= \ S

L I e N A W 2 — W e |
e T \___ /T S\ s U 2 U S VU A
- \ 4 | N
= T N\ \ / \ ;T\ S\ Ve
P Y 2 U an VY A /" \ /T \ _/
-y /

~ ' [EERAvAesaeEs N ST ——

EXTRA TAE CrOLE S DISAAY TITMNG

o A, ] ”w - s v s e - n
~ S n_/
av -_//ﬁ /S~ \ /\ S\ /\ /~ \ S/ \ /— \ /o
we _ / \ /- |
any . | U
s S \
? 5 \ /
o N/ N/ __/ | — —/ \_/ \— A\
Fom— ./ \
Ased / \
L ) Ne————

THRET T ALOREZS TIMNING

gz
" O
o oo
;g m o SN\ S\
;3 L e U e Y s Y S U S
g > \ / \ .
Cror -/ D@ -oAr \ owe - D8v (xv crbe) /
z wm ) N/ | —
3 avs X e - tav X
w8 avry TR R R T =B T S 0
ey X C
HHIET ) B e —
* EESE gl = —/\ /. \
i H ;ig faves T \_/ \_/ \_/ \/ W
3 . IRz
[ T
£ X
X
z sl e § § :
£ g HIE g X :
= £ GHE P § ¢
- 2 3 N
2 A R
% VIOEDQ S/GaALS
£ gl g &
H s A=
flag
11. g § A /77 SYSTEH TIMING
:
o1 & 3 N
= z 3
-} § § * 5.3

| Chapter 5 of 28 « Apple Computer Inc + 1982 Page 0004 of 0013 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

1 L;tLLi
]

—\
\ -

[\

f
—
/N /.
~

|

:

cIL L 4
LT 5

S diBbPEL

dl i
SRR BIEININ
fL '_ LA 6 ‘J' .
7 5
71 JI L
ST ) *=‘
T diEFBEA

c ] )|

EJ\‘ SN S H, \Ilr
P83 oo o2 §F oz EE%EEEE

| Chapter 5 of 28 « Apple Computer Inc + 1982 Page 0005 of 0013 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

e TR e R SRS SRECST et R Aiatad s e sn-n;g\

h L e e s

@icopia computar nc.

for processor and RAM address timing. .

The Q clocks are initialized with each Load Parallel;&o Serial pulse (LDPS),
which changes the mode of the LS195 (D10) from a shift register to a parallel

loaded register when low. At each load, all of the bits are set high. When
LDPS* returns high the next clock will shift the zero of Q3* across the register.

This means that Q0 will stay high for ome clock cycle. Ql will stay high for 2
clocks, etc. When the Q3* goes high at the forth clock edge after LDPS the JK
input will now see a "1". Subsequent clocks will start shifting that one across
the register. When Ql goes high again, LDPS* will be enabled low and another

load will be accomplished at the next clock edge. The waveforms are assymmetrical,
Each of Q0=Q2 are up for three clocks and down for four. Q3 is up for four and
down for three.

This type of cycling will continue for 128 cycles. Then the Horizontal Phase
Disable (HPE*) "freeze” will occur.

HPE* FREEZE

The HPE* signal will cause the Q states to extend their next cycle by two clock
times. The purpose of the shift is to shift the phase of the color reference
signals to the data in the video generator. A detailed discussion of this
phenomenon is described in the video generator section. How this shift occurs

is discussed below.

Looking at the gate array of C9 and Bll we see that since HPE* is normally high,
the output of C9 is normally low. This de-gates the And inut shared with QO,

and allows LDPS to function as usual. But when HPE* goes low, which will always
coincide with Cl14M going low, the And gate shared with QO will become enabled
and cause the extension of the LDPS* for two extra clock cycles. This state will
exist until C3.5M returns high and relieves LDPS*. The next clock will change
the state of QO and that will not be able to "disrupt” the clocks until the next
HPE pulse.

AX, PREIM, & CIM

The AX, RAM address (the signal used to select which addressing source [row or
column] is presented to the RAMs: see RAM Address Logic) is another 2 Mhz slgnal
which lags Q1 by one half clock cycles. It is developed at All pin 9.

PRE1M can toggle at each positive edge of AX, if the data input to the latch is
at the opposite state. Looking at D11 (ClM*) we will be able to see just that.
If PREIM has just toggled low, one half clock cycle later CIM* will toggle high
which forms the data input to the PRE1M Flip~Flop. But remember, the clock to
the flip-flop is AX, a 2 MHz signal. D1l pin 5 acts much like Bl2 pin 2 in that
the data is always opposite to the "Q" output of the latch at the time of the

clock edge, therefore we have a "clock divided by 2" function, of a 1 MHZ output.

RAS (Row Address Strobe)

L 5.5 W,
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The RAS signal ¢ 0 delayed by one clock and inverteds This 1 acccomplished

at D10 pin.15 & 14. (Note: the inversion is done by calling ¢! : "Q" output the
active low signal RAS*, clever huh?) RAS is used in the RAM ad-ress logic to

develop the "row select” signals for the RAMs.

VIDEO HORIZONTAL & VERTICAL STATE COUNTERS

This circuit is made up of four 4~bit binary counters, (F10, Fl1, Gl1, Gl12),

which develop the essential signals for partitioning the screen and addressing
the RAM for all the video data.

Basically, there are two sections of the circuit:
1 « horizontal postion counter

2= vertical position counter
These two counters form the X and Y coordinates of each addressable byte on the
screen. Each byte contains 7 bits or dots in 40 character modes.

From the various discussions about the Apple ///, we have learned that in the
40 character mode there are 280 dots across the horizontal line that can be
defined, and 192 of these horizontal line (280 X 192). In the Apple /// modes
there are 560 dots in the horizontal line, however, there are still only 192
horizontal lines (560 X 192).

The Video Counter works identically in either of these modes. It provides the
resolution of 40 by 192 matrix. Each one of the 40 horizontal positions defines
either 7 or 14 dots (40 or 80 character modes, respectively). These dots are
actually bits of data bytes in memory that are parallel loadedd into a shift
register and shifted out serially to the video monitor. In the 40 character
modes the system loads the shift register at a 1 MHz rate and shifts at a 7 MHz
rate. In the 80 character modes it loads at a 2 MHz rate and shifts at a 14 Mhz
rate. It 1is interesting to note that in either mode the state counter increments
at a 1 Mhz rate.

The system provides two complete accesses for the video output per increment of
the state counter, but in the 40 character modes one of these are masked out.

HORIZONTAL SECTION

The Horizontal section of the state counter uses 7 of the counter stages and

develops the HO through H5 and the HPE* signals. The remaining 9 stages of
the counter develop the Vertical states VA, VB, VC, and VO through V5.

The Horizontal section provides the capability of a 128 state counter, however,
it only provides 65 states. This 1s due to the action of the most significant
stage, HPE*, The counter actually counts from 64 to 128 then resets to count
64. Simply, HPE* starts high and when the counter increments HPE* low after
64 counts it is then reset to state 64 after the next clock input, this yields

L 5.7 )
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65 states all together.

Looking at Fl1 we see that the HPE* output is counected to the "load” input of
F10 and Fll. At the next clock input these two devices will be loaded with the
state determined by what is on the data inputs. All inputs except pin 5 of Fll
are tied low (disregard the input to pin 6 of Fll at this time). This binary
state equals 64. So rather than starting back at "zero” the counter jumps to 64.

For real time considerations of the monitor, it takes 25 states or 25 microseconds
for the sweep to return from the right hand side to the left side. So the system
ignores the first 25 states and blanks the video output and the returning trace

is not shown. The boolean expression for the horizontal blanking would be
expressed:

(H4* and HS5*) or (H4 and H3%)

This logical function is done within the G9 Control ROM. Refer to page 10 of
10 of the schematic diagram.

In summary, the horizontal counter provides the address necessary for the display.
It divides the horizontal line into forty (40) sections, and yields the timing
for horizontal blanking. The HPE* signal is used to momentarily "freeze” some

of the system timing.

VERTICAL SECTION

The Vertical State Counter provides the Y-axis of the display matrix. The nine
stages, if left alone to count, would provide 512 states. As in the horizontal
counter, it is preset to count higher than zero eadch time it reaches the

"terminal count”. Also, some of the states are used to blank the video while
the trace returns from the bottom of the screen to the top (VBL).

The vertical counter effectively counts the number of HPE*“s that have occurred,
or simply, the number of horizontal lines that have been generated in this scan.

At this time the counter is reset to count 250. Look at the timing diagram of
the vertical counter. One can see that all vertical signals would normally

go low, but instead the counter is loaded with the data inputs. VA will not be
affected by the teminal count/load and will continue as discussed before. VB
will be loaded to the present state of "comp” (or VA) which 1s high. VC and V5
will be loaded to a low and the rest of the bit states wil be loaded to "1".
This will decode to decimal 250.

Six counts later VA through V4 will toggle low and V5 will toggle high. This 1is

the point where the logic assumes to be at scan line “zero”. It will now take
256 counts to reach the terminal count sequence and start again. Using some math

we see that the counter defines 262 states (256+6 = 262).

Vertical blanking takes 70 of the 262 states developed by the counter. The
boolean expresssion for the vertical blanking signal would be:

(V3 and V4)

L¥ 5.10 . )
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This signal is developed at F8 pin 6 and i{s used in the system to indicate that

a complete scan of the curreant display page has occurred. It is also an input
to the Control Rom, G9, and therefore is a modifier to its outputs.

We were looking for the majic number of 192. Well, if you“ve been keeping track,
it“s simply the difference of 272-70.

\ 5.11 )
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