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: _ DEMAND CONTTROLLER

Chanwit Kumchokpisal
Songwoot,  Suwarawan
Worapon Hankanitwattana
Sarnsern Tongmee

Kenittsa Saebqu advisor

1988

Abstract

In this requirments for the deegree of bachelor of engineering is
about of the electrical controller that use "Linear Prediction Technique"
neamed "Demand Controller! to control 8 output shedding channel.

The mains idia is the recieved pulse signal form the opto-coupler
that oscillate pulse signal from kilowatt-hour meter,and have been
- processed by linear prediction technigque with the maximum demand value ,
that have already set by manaul control . The control processing unit
would processed the load shedding channel that has programsble preority
level,minimum off-time,maximum off—biﬁe,maximum on-time,and minimum on-time
(because that it can be immidiatly control).Espacially,the controller cen

be mansul control.
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Advance Information
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- ADI-8556-R1

e e

e - e

The following information
found on page 11 ot.the MC

MC145818s with the date co
2auon of thu CE pin with addrus
tion, and also show a typical a

1t CE is grounded at all times
not be used.

B )

———

"

-

—

is an addition io POWER-DOWN CONSI
146818 Advance“lnlorma,lion Data Shwet tAD]-856-

do ot IN4EXXXX and GCEXXXX require a synchroni-
s strobe.  The lollowing circuit will sausly that condi-
pplication of power-down circuitry
{no powsr down required) the follo

DERATIONS
f/1.

wing circuit need

.
R s e

LT
Pt

~ew
TP v 3

T i

%
E‘




MC146818 . .

——— - MC145818 -~ N STATEX™ —
- : ] 4 40k 3IEBKH:  CXWV or.
Capo —3t apo .- osc2 . Equivalunt
== MBOI -~ ADI S PO
{Schottkyl ©
AD2 =—— AD2
7
ADJ AD3
]
'"fs’.f“ AD4 ————— AD4 osci
bl
ADS ————— AD5 — e
10
ADE —————{ ADS X
. 1
. AD?7 AD? VDD -
14 :
2 : A - As - 100k .
s o 17
o peiN E- D? -‘ PS 22
e 3
. . — 15
RIVY RIW RESET |- . B
. ~ 50 pF
C - 3}

3
. . Do Qi T -
- Bav P - . —

MC145724 Run - 0] J20 =
4 T . .
J lstey _L-'__ 5D .

™M
MC74HC373 (See Nowe 1} 8
. ¥ I - = Y
" . . 1. N i1
+ 12V {>BBV] O—AAA, — 5 T
(O 1% , § . 7 X
(See Note 2

* BBV = Batiery Backup Voitage .

NOTES:
1. Al unused inputs of the MC74HC373 must be grounded.

2.t pont (@) equals 12 V pount (B) shoutd be equat 10 4.06 V. If point (&) equats 10V point (B) shouid be equal 103,38 V with © st -
for3.18 v, ’ : . .

s




g0 C temy e RA .. 4 i
@ RO ORI L . - MC146818
Advance Information R CMOS
REAL-TIME CLOEK PLUS RAM (RTC} - [HIGH-PERFORMANCE
A SILICON-GATE COMPLEMENTARY MQOS)
The MC146818 Real-Time Clock plus RAM is a peripheral device ™ v '
which includes wne unique MOTEL concept for use with vanous | REAL-TIME CLOCK
MICIOprocessars, microcomputers, and larger computers. This part I PLUS,RAM
combines tnree unique (eatures: a cgmplele time-of-day clock with
alarm and one hundred year calencar, 8 programmable penodic inter-. —
[upl and square-wave generator, and 50 bytes of low-power s1alic =
RAM. Tne MC146818 uses hnn-speed CMOS technology to nterface % = T
wiin 1 MH2 processof Duses, while Consuming very e power. L SUFFIX
The Real-Time Clock pius RAM has two aisunct uses. Fist, wis CERAMIC PACKAGE
designed as a battery powered CMOS part tin an otherwise NMQS/TTL — CASENS
systerm) including all the cormimon ballery backed-up funcuons such as e % N
RAM, ume, ang calendat. Sucondly, ihe MC146818 may be used with a - s
CMOS microprocessor 0 felieve the. sofiware of the umekeeping
workluad and 1o vatund thie avaltubiy RAM of-un MPU such as the = pSUFFIX
MC14GB0bER. - e o PLAY HIL FACKAG _
® Low-Power, High-Spued, High-Dunsity CMOS £ AOA AN —LML ’fﬂ
@ Internal Timu Buse und Oscillutor iy ’
e Counts Suconds, Minutes, and Hours of the Day D P e L)~
e Counts Days of ihu Wuuk, Dote, Month, and Year - ssn = 2 S SUFFIX
e 3v 100V Qpuouon . A X ul r«x:n;‘:.z:‘;hm
® Tunu Base Input Opuons: 4, 194303 MHe, 1.048576 MHz, or ) z
32,708 kHZ et -
o Time Base Oscillator for Paraliet Resonant Crystuls 488 O, e
® 4010 200 uW Typical Opuiating Power at Low Frequuncy Tunu Bosy R . — ), ed Ry
e 40 10 20 mW Typical Operatng Power ot High Frequuncy Time P 'zrsg:: »l«ﬁ ! PO 7
o i [ I
Basu CAst 761 g’
@ Binary or BCD Representation ol Tune, Calendar, and Alarm
® 12- or 23-Hour Clock with AM and PM i 12-Hour Mode F
® Dayhght Savings Time Oplion y 3
° h Re . y
Automatc £Ena ot Month Recogrution AN R\ K AssionfiEnT /
® Automauc Leap Year Compensauon
- Mié:tomocessor Bu;Compaﬁble T e e YL - . NC d \ \. )('39, 2311 voo
o MOTEL Circunt for Bus Universality a =
. . ) . —=0scCI G2 @ (3230 s
o Multiplexed Bus for Pin Efliciency . g J sow )
o Interfaced with Software as 84 RAM Locations oscz (3 wn 2201 Ps L&
® 14 Bytes of Clock and Conteol Registers. . . . - ADO {]4 & 1341 21 f] CROUT i
® £0 Bytes of General Purpose RAM 4 1) A - - AD1 35 19 1331 20 [J CxFS 18
® Status Bit Inuicates Data Imggmy . - A02 s o a2ne b WD £
e Bus Campauble intesrupt Signais IRQY o - ¥
o Three Intetrupts are Separately Software Maskable and Testable. ' AD3 Q7 i 13118 [} RESET &
Tume-of-Day Alarm, Once-per-Second 10 Once-per-Day — s _ADa e na ~ _orfios ” i
Perioaic Rates from 30.5 ks 10 500 ms . - -aADS (]9 113 - 1611 NC |13
-of-Clock Upaate Cycl . . - §
End-ol-Clock Upaate Cycle ‘ a06 ot po1sp W »';
_ @ Programmabie Square-Wave Output Signal ——— . . i Fs
. ¥
. ® Clock Output May Be Used as Microprocessor Clock input . o7 [ " 19 2 o D AS - 1'
At Time Base Frequency +1or +4 - vgs Q2o - 12213 (4 * 21
@ 24-Pin Dual-In-tinu Puckagu - - : ""
[ a Also Availabl : .. . 25
Ch:p &":e‘_ so Available o~ . : - Pin numbers in parenth o quivalent Z i 4‘
- . sultin Chip cCatniur pins. Pins that have nol bewn :,
L Ousignated loc the chip carner are not connected. X
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Output Low Voltage | ° o
U gag=0.25 MA, All Oulputs) . “o———vmn = s\t * ] Vot - - 037 \
input riigh Vollage " & A > ADO-AD?, DS, AS, R/W. CE, | Viy 2.1 vpp | V
R SN S AESET, CKFS, PS, OSCY |- | = 25 | vpp - |-
Input Low Vallage tAll inputs) == - — Vit - Vss 05 v
input Current R . ~ Al Inpuls hn — - sl »A
Thiue-State Leakagu L —- - IRQ, ADO-AD? | irsy ~ 10 A

e e s v ) o o e S

DC ELECTRICAL CHARACTERISTICS IVDD-S Vde ¢ 10% Vggu0 Ve, Ta =Ty 10 Ty unless othuiwise noted) —

. . Charucturistics Symbal Min Max Unit
Freguuency of Upstalun AL . toue 32.208 4194 304 | kHz
OCuipul Vullayy ‘ VoL LN 0.) v
ILosa< 10 pA ¥ .~ Von [ voo-u. -
10 = Bus uly iEatuinal Uuq.kl -5
CROUT = Iy, Cy~ 1Y pFs SOW Dl_ublud CE-vVpp -0.2: C 105C2)« w pF
loye -4 193503 MHZ 2 B> lopi » 3 mA
Tusc =~ } 0BL16 MRz L2 - b0 sA
lyse = 32 108 AR2 . poY - £ A
100 - Quiacunt 1D P 0 A
tgse = 0OC, 0O8C1-0C, 1R <
All Oihet Inputs ~Vpp=-02V: = | ‘€ =TTV, d N T ™
No Clock - -
Ouiput High Voltuegu H Gt
ULoua= = 1.6 MA, ADO-AD7, CKOUT). 1 AR T . T
tiLoug= = VO mA, SQw) . a—— X ) CE ) -
Output Low Vullaye, [ . - -
tiggag = 1. MA, ADO- AD?, CKOUT) vou Sl 0.4 v
tipoag= 1.0 mA, iRQ ang SQWI - . ;
Input Migh Voltuge . .. . CKFS,ADOAD7. DS,AS, YW, CE. PS{~ —pow | VDD~ 20 vpo
\ RESEY| vy [ VoD-08 Voo v
T osci} - Vpp-1.0 Voo
Inpul Low Volsge S ADO-AD?. 05, AS, R/W, CE vss 0.8
_ CKFS, PS, RESET| vy, Vss 0.8 v
: 0SC1 . Vs§ 0.8
Input Current T Allnputs | kg - z1 sA -7
TrresSiate Learage . . [AQ, ADO-AD7 | tysL - 210 »A -

~ e -

'
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BUS TIMING ~ -
N Vpp=50V
< h £10%
Rumiiie el |« Vpp®3O0V - |- 2TTLaNd s |
1dent. : ~ 50 pF Load 130 pF Load
Number . Chu;cun'istk:l Symbol Min Msx Min Max Unit
- 1 Cycle Time eye 5000 = 953 oc ns
2| Puise Width, DS/E Low or RD/WR High PWgL | 1000 |7 - 00 - ] »ns
3 Pulse Width, DS/E High or RO/WH Low PWeH 1500° .| < = | 3257 - as
* 4 Input Rise and Fall Time L. Y - 100 - ) ns
B | R/W Hold Time e s - e | 'AWH 10 - 10 - ns
13 R/W Setup Time Bofore DS/E IAWS 200 - 80 | - ns
14 Chup Enable Setup Time Belore AS/ALE Fall 1Ccs . 200 . €5 . ns
5 Chip Enable Hold Timo ICH™ 10, e o - ns
18 Read Data Hold Time DHR 10 1000 10 100 ns
21 Wiite Data Hold Time IDHW 100 - Q - ns
24 Muznd Addrass Valid Time 1o AS/ALE Fall tASL 200 - 50 - ns
25 Muxed Address Hold Time . K tAHL | . 100 - "2 - ns
26 Delay Time OS/E to AS/ALE Aise tasp - 500 - 50 - - ns
22 Putsc Width, AS/ALE High PWagnl oo |7 - 195 | - as
28 Oelay Time, AS/ALE 10 DS/E Rise TASED. %0 Y- 60 - ns
0 Panpharal Output Data Delay Time lrom 0S/E or RD DDA 1300 - 2 | 20 ns
3 Peripheral Data Seiwp Time 1DSW 1500 - 200 - * ng

NOTE: Designauons E, ALE, AD, and WA reler to signals trom altornative mucroprocessor signats. *

* Reler 10 IMPORTANT NOTICES appeanng on page 20 ol this data shect.

1 ee ¥ Ce o =

_FIGURE 2 — MC145818 BUS TIMING _

VHIGH
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O e S
=0} N =¥ .
L 2 o D - inS
i ‘le_“ v 4 - - K' _
e Q@ | =20
LT __;C_.E.;.h-.. « Y - x. . ﬂ; ; ;
o T T2 4| =7
T e =20
g LXK -
: .- A Q @ 4@__4 — ._@
ADO- .  S—— . .
o ———  F 4

NOTE: VHIGH* VDD -2.0 V. Viow=0B YV, lor VDD = 50V £10%
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'FIGURE, - ¢BU'S READ TIMING COMPETITOR MULTIPLEXED BUS =+ =

S - : — Oy
e T * . ‘a8t F — —— e
. v i am— e e e e
ALE (Agdress-Latch Enable) ~  =--wre = me At \ HiGH L " T
. {AS Pin) e eon n [ s —m w2
- ~ A Y ow : :
e B O e o ) s -
e . -4—@——‘ - e s e SRt
- _"*' . .. - - — - e =
RD (Read Output Enable) "~ ™~ T e——(—— Z R
~ DS P / 0 _:l_, I oY -
e Rl | PR N SO @
e - WR (Wi Ensple) - f| T T g R —
IR/W Pinl 8
;2R @——l — ] - e )
y s XTI AN SR W\ i ©
s ADG-ADT ‘ b = o L
{Addiuss/ Duly UBust A AUdirss Huug Daia
\ Vahd ] Vahd 2_"—‘
. : ] FIGUHE 4 — bUS WHITE TIMING COMPETITOR MULTIPLEXED BUS  ° e
. - s o -
" s e e s gt ). e .
. : VHIGH =<ITIN gy N |
ALE (AQWiuss Lutch € natilul 2 _(b__,,\ ”
. 1AS Pt . [ _CVLOW
. ..‘ - @—v =" —— n—@ o
a -1
AD 1Huad Output Enabled \ . ;.;_ ] -
105 Vuu P L7 )
. [
WR IWiite Enaplel . X '._—@——ﬁ
HRIW Pin) rZ\ i \ ~ _/
i O s = 0
e T ®
e \:\ —11® . _
TT (Chup Enuple) \\\\\\\\\\\ N - . .
@ I . —1
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NOTE: ViiGr = VDD -20 V. Viow =08 V, tor Vpp =50V £ 10% -
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TABLE 1 — SWITCHING CHARACTERISTICS IVpp = 5.0 Vdc £ 10%, Vss =0 Ve, Ta=Tg 1o T

Description Symbol | Min Max | Unit
Oscillator Startuo . RC | — 100 ms ’
Reset Pulse Width ’ wwt | 5 | — | s
Reset Detay Time ~oor -~ — . ALH 5 — s
Power Sense Pulse Widih e —— - e PWL S - 1]
Power Sanse Delay Time : ) tPLH 5 —_ | " as
IRQ Release lrom OS - YROS | — 2 »s
" I{AQ Relgase lrom RESET i YRR —_ 2 ‘us
VAT Bst Detay . . . - WRTD | — 2 L

B e g .

FIGURE § — INQ RELEASE DELAY

< ey — e e
Ty /A e B N o R\ |

- vViow )
os = 5 - SR
RESET
— w]c VHIGH - ,"A, \
RO 4

HRADS

© NOTE: ViiGH = VDD - 2.0V, Viow =08V, for Vpp»50V +10% ) R

FIGURE 6 — TTL EQUIVALENT TEST LOAD e e o -.‘"' vy,
Voo Voo
MMD6150 2k lﬁé Oniy) 402k
or Equivelent )
Test
Poe ' r4 . g P
Vi 2 e oo -
. 130 of Rk ’ ’ 120 pf
. MMD7000 -
, p— or Equivalent .

All Qutputs Except OSC2 (See Figuie 100 o -

359 . . -
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FIGURE 7 — POWER-UP
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FIGUAE 8 — CONDITIONS THAT CLEAR VRT BIT
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MC146818

MOTEL "

The MOTEL circuit is a new concept that permits the
MC146818 1o be direcily interfaced with many types of
microprocessors. No external logic 15 needed to adapt 1o the
differences in bus control signals from common multiplexed

. bus microprocessors.

Practically afl microprocessors interface with one of two

- synchronous bus structures. ‘'One bus was originated by the

Motorola MCE800 and the other by the Intel 8080 and its
companion part, the 8228. -
The MOTEL circuit (for MOTorola and IntEL bus com-

bus structure is now available. The MOTEL concept is
shown logically in Figure 9. :

MOTEL selects one of two irierptemions of two pins. ln
the Motorota case, DS and R/W are gated 10gether 1o pro-
duce the internal read enable. The internal wiite enable is a
similar gating of the inverse of R/W. With competitor buses,
the inversion of RD and WR create functionally identical in-
ternal read and write enable signals.

" The MC146818 automatically selects the processor type by
. using AS/ALE to tatch the state of the DS/RD pin. Since DS

is always low and AD is always high during AS and ALE, the
latch automatically indicates. which processor typs is con-

paubility} is built into perpheral and memory ICs 10 permit nected. - -
direct connection to either type of bus. An industry standard . G
J I -
) FIGURE § — FUNCTIONAL DIAGRAM OF MOTEL CIRCUIT 3 B
Moiorola Type  Competitor Type MC146818 o i Internal
MPU Swgnals MPU Signals Pin Signals | Compettive Bus Signais
- D o — -
AS ALE As (@) c Motorola | _
it - Bus
- Q
DS. E. or 62 AD os O— D\‘,i j )::):: Read Enable
RIW " WA RIV & Wiene Enable

SIGNAL DESCRIPTIONS
The bléck diagram in Figure 1, shows the pin connection
with the major internal functicns of the MC146818 Real-Time
Clock plus RAM. The lollowing paragraphs describe the
funcuon of each pin.

Vpo. Vss .

DC power is provided 1o the part on these two pins, VDD
being the more positive voltage. The minimum and maxi-
mum vollages are listed in the Eleciical Characienstics
tables. B -

0SCt, 05C2 —~ TIME BASE, INPUTS

The time base for the ume functions may be an exiarnal
signal or the crysial oscillator. External square waves at
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con-
nected 10 OSC1 as shown in Figure 10. The internal ume-
base frequency 1o be used is chosen in Register A,

The on-chip oscillator is designed for 3 parallel resonant

~

.

AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen-
cies. The crystal connections are shown in Figuro 11 and the
crysial characiensiics in Figure 12,

CKOUT — CLOCK OUT, OUTPUT -

The CKOUT pin is an oulput at the time-base frequency
divided by 1 or 4. A major use for CKOUT is as the input
clock 10 the mucroprocessor; thereby saving the cost of a se-
cond crystal. The frequency ol CKOUT depends upon the
ume-base frequency and the state ol the CKFS pin as shown
in Table 2.

CKFS — CLOCK OUT FREQUENCY SELECT, INPUT -

. When the CKFS pin is tied to Vpp it causes CKOUT to be
the same Irequency os the time base a1 the OSC pin. When
CKFS is tied to V§S, CKOUT is the OSC1 time-base lre-
quoncy divided by lfour. Table 2 summonzes the ecffect of

. CKFS.~ e e -




FIGURE 10 — EXTERNAL TIME-BASE CONNECTION
- VoD

Opuionai
(vpp=1.0Vi

4.194304 MHz -
o
1 048576 MHZz
or
32.7u8 kHZ

ML

0scCi x

3
(0pin) ~gem———d 0SC2

MC136818

FIGURE 11 = CRYSTAL OSCILLATOR CONNECTION

2
osch
4 1304 MH2, | I s
1 Okb /6 MHZ, <
: ol ' Cj Ry 2 >
B 32,768 MHZ
R
3 2
o g :: 0sc2
300-470 & ¢
c -
o2\ . MCl46018
*32. 768 kHz Only = Consult Crystal Maﬂu'aclullul's Specihcation
FIGURE 12 — CRYSTAL PARAMETERS
‘ Crystal Equivalent Cucuit
u a N\ ¥
3 xS o & . 2
) BN | P S
co
|
| B NeORF
- JDI : SEE
K s - A
1 . fous 2.134304 MHz | 1.048576 MHz | 32.768 kHz
RS IMaximum) %0 200 0 50 k el
CO IMaxymum) 7 pF 5 pF 1.7 pF >
v c1 0.012 pF 0 008 pF . 0003 pF
¥ | St Q 50 k 3B« 0k
Cin/Cout 15-20 pF 15-40 pF 10-22 pF
! R - - 300-470 k
Ry : 10M 10M 2 M




MC146818

- TABLE2 — CLOCK OUTPUT FREQUENCIES

Tima Base Clock Freq v | Clock f Y
{oscui Salact Pin Output Pin
Frequency {CKES) - . ICKOUT)
4194304 MH7 High 4194304 MHz
4.194304 MH2 Low 1.048576 MMz
1.048576 MHz. High 1.048576 MMz
1.048576 MMz Low 262184 kHy
* | 22768 xhz. T High 32.768 tHz
32.768 kHz Low 8 192 kHz

SQW — SQUARE WAVE, OUTPUT

The SQW pin can output a signal from one of the 15 taps
provided Dy the 22 internal-divider stages. The frequency o!
the SQW may be allered by programming Register A, as
shown in Table 5. The SQW signal may be turned on and off
using the SOWE bit in Register 8,

ADO-AD? ~— MULTIPLEXED BlDIRECTIONAL AD-
DRESS/DATA BUS >~ * ,

Muluplexed bus processors save pins by presenting the

address during the lirst portion of 1he bus cycle and using
the same pins durning the second portion for data. Address-
then-data multiplexing does not siow the access time of the
MC 146818 since the bus reversal from address 10 daa 1s oc-
curnng during the internal RAM access lime,

The address must be vald just prior 1o the fall of AS/ALE
at which ume the MC146818 laiches the address from ADO
to ADS. Vahd wnite data must be presented and heid stable
during the !atter portion of the DS or WR pulses. In a read
cycle, the MC14u818 outputs eightbits ol data dunng the
latter poruion of the DS or AD pulses, then ceases driving the
bus {returns the output drivers 1o the high-impedance stalel

when DS falls in the Motorola case of MOTEL or RD rises in
the other case.

AS ~ MULTIPLEXED ADDRESS STROBE, INPUT
A positive going multiplexed address strabe puise serves
to demultiplex the bus. The falling edge of AS or ALE causes
the address lo be laiched within the MC14G818. The
automatic MOTEL circuit in the MC146818 also latches the
“state of the DS pin with the falling edge of AS or ALE,

DS — DATA STROBE OA READ, INPUT: — «~~

The DS pin has two interpretations via the MOTEL circuit,
When emanating from a Motorola type processor, DS is a
positive pulse during the latter portion of the bus cycle, and

is variously called DS (data sirobel, € (enablel, and ¢2 (62~

clockl. Dunng read cycles. DS signifies the'time that the
ATC 1s 10 drive the bidirectional bus. in write cycles, the trail-
ing edge o DS causes the Real-Time Clock plus RAM 10
latch the wniten data. ,

The second MOTEL interpretation of DS is-that of HD,
MEMR, or I/OR emanating from the competitor type pro-
cessor. In this case, DS identfies the time period when the
real-time clock plus RAM drives the bus with read data. This
interpretation ol DS is also the same as_an output-enable
signal on 3 typical memory.

The MOTEL crrcurt, within the MC146818, latches the
state of the DS pin on the {alling edge of AS/ALE. When the
Motorola mode of MOTEL s desired DS must be low during
AS/ALE. which is the case with the Motor6la multiplexed
bus processors, To ensure the compentor mode of MOTEL,

the DS pin must remain high dunng the time AS/ALE s
tugh, .-
R/W — READ/WRITE, INPUT

The MOTEL circuit treals the R/W pinin one of two O Wavs.
When 3 Motorola type processor is connected, R/W is a
level which indicates whether the current cvcle is a read or
write. A read cytle is indicaied with a high level on R/W
while DS is high, whereas a wate cycle is a low on R/W dut-
ing DS

The second vnlerpretanon of RIW is 35 a negative wrile
‘buise, WR, MEMW, and I70W from competitor type pro-
cessors. The MOTEL circurt in this mode gives R/W pin the
same meamng as the write (Wi puise on many generic
RAMs, , = T oo

- e

. .
ke e VR

_ CE — CHIP ENABLE, INPUT -

The chip-enable {CE) s-gnal must be asséried {low) for a
bus cvcle in which the MC146818 i 1o be accessed. CE.1s not
fatched and must be stable during DS and AS {Motorola
case of MOTEL) and during RD and WR lin the other
MOTEL casel. Bus cycles which take place without asserting
CE cause no actions 10 take place within the MC146818.
When CE is hlqh the mulnplexed bus output 15’10 3 high-
impedance state.

When CT is high, all address, data, DS, and R/W | nputs
from the processor are disconnected within the MC146818,
This permns the MC146818 1o be isolated lrom a powered-
down processor. When CE s held high, an unpowered
device cannot receive power through the input pins from the
real-ime clock power source. Batiery power consumption
can thus be reduced by using a pultup res:slor or active
clamp an CE when the main power is off. When CE is not us-
ed, it should be grounded.

iRQ ~ INTERRUPT REQUESY, OUTPUT &

. The iBO pinis an acuve low output of the MC 145818 that
mav be used as an interrupt nput 10 a processor. The 1RO
output, remains low as long as the status bit causing the in-
terruplis present and the corresponding interrupt-caable bit
is set.. To clear the if ina _oin, the processor program norr-:ally
reads Register C. The RESET pin also clears penc.ag wors
rupts.

When no interrupt condmons are present, the IRQ level is
in the high-impedance siate. _Multiple interrupting devices
may thus be connecied 10 an IRQ bus with one pullup at the
Processof. .z, z -+ .

) _

RESET - RESET, INPUT
The RESET pin does not alfect the clock, calendar, or
RAM functions. On powerup, the RESET pin must be held
low-for the specificd ume, LRLH. 1 ordet 10 allow the power
supply 1o stabikze. Figute 13 shows a lyo:cal representation

of the RESET pin circuit: . K
When RtSE‘ is low the loflowing occurs: - .
a) Periodic Interrupt Enable (PIE} bit is cleared to zelo.
bl Alarm Interrupt Enable {AIE) bit is cleared 1o 2cr0,
¢! Update ended Interrupt Enable {UIE) bit is cleared 10
. 2810,
d). Update ended Interrupt Flag {UF) bit is cleared to 2eto,
el lmerrupl Request status Flag IRQF) bit is cleared 10

zero, .- ..

). Periodic lmerrupt Flag {PF) bit is cleared 10 zero,
g} The part 1s not accessible.

oo -
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MC146818 . - ‘

.- Balore tnong e mpesss sempecee, (e 3R T Bt
Reguiar § Shoutt be 504 10 4 " & 19 Drevat, b Coluhe i
upaaiet from octu+ 1 The ooy ---.:\¢-~s i \GLU'W
-HQPS’ s dbe sulecIed remal s s SCE)‘A ¥ oan mﬁc#:; )
If:;',;-':";:wf“‘u"s_?: _ TYPICAL POWERUP DELAYx nu'1p
el .(-‘_--:h Lo clg\gUlr_FOR RESET s~ 1y s daie
m'w‘ y, o2 vxf::xvm BOU. T £ maumy Age L2 SenTo
Faoa undet 000 IEred e i 2 e ICER MO
$Buperess we sdtar it o Toe A DZ'-Q:cc‘. “
be nimaes warthtnad ey 4 e (g 30 LL e 8 .y
i attuly

i Ao
01 = MBD?01 (Schotiky) of Equivaient
.02 D3= INAIE of Equivalent

Nota:* If the ATC is isotated Irom the MPU or MCU pcwar'bv a-

o Mewt Vi (uquiivments.

Ot The FLrh, her ez v o iaamas o

we @) Alarm Interrupt Flag (AF) bit is cleared 10 o165
we 1) IRQ pinssin high-impedance state, and = sarocled |
4~ Square Wava output Enablo (SQWE) bit is cleared 10

ol o e, e o b e e o
e MpUA ;. Dazepersecond the 1)
N cl:Sﬂ-: fOWE{! SENSE, INPUT.g+C 10 3% 3tfvencst I ane
) : ~ The  power-sunse pini is used in the control of the valid
3 RAM and time (VRT) bit in Rugister D. When the PS gin is
tow tha VRT bit is cluared 10 2ur0l The @ D308 M rol =

System - S )
K el - . Bachup. ~ 30 Falba .l . 4
::,ava? ) ed n hw:] w IR ]S L ard e :;,:pb ;{_HWhun using tho VAT feuture during powurup, the PS pin
FIDENTDE NS {7 NS PO < sernr Ui of “must by exiernalty hold low Tor the speciliad 1pLi time. As “
N Voo . power is applicd, tha VAT bit remains low indicating that the - -
. . FGuaE 5 = AGEALS:CONteNtS Of the RAM, lima regisiers, and calendar are not
03 MC143818 | guaranteed. PS must go high atter powerup 10 allow the .
T e yRT it 10 be S0t by a read of register D. T
o2 9 pESTEIR N oy . ) - -
RESET . - i )
.1 j S 5 P Sreizsaan? . . ’
R - p e POWER-DOWN CONSIDERATIONS
i 1 B Ry 34 In most Systems. the MC146818 fust continue 10 keep .
. H 0.005 uF vss |- A . ¢ fime whea system power is removed. In such systems,
\ o — 7 ~ V; 4 e ‘conversion lrom Systeny power 10 an alternate power supply,, -
- - i - - l vt * = 73 ‘usually a battery, must be made. Quring the }tanshion from
} 0 - N - & systemtobatiery powel, the designer of a battery packed-up N
- - ‘  » RTC gysiem must protect data integfity, minimize powel -
consumption, and ensuie hardware rehabshty.

*4_Tnechip enable 1CE) pin controls all bus inputs {R/W,DS. -
= AS.ADO-AD7L CE. when negated, disaliows any unintend-
.. ed moaificauon of ihe RTC data by tha bus. CE also teduces
powe. consumpticn_by teducing the number of transitions:

Ernn D2 1N4148 of Equivalent
R T S s el

Goas Jiop, care must Do takan
4 | — 1 1, : spen inernally. Loeos ' -
f 3 t . . " Power consumption may be further roduced by removing
R - i i ! esistive aiid Capacitive 10aas rom thy clock out ICKOUT) .
[ LL M : L. 5 pin and lhe squaruwava (SQWI pin. =
FIGURE 14 — TYPICAL POWERUP DELAY CIRCUIT ~ Dating and atler the powes Sourcy conversion, the YiN
- FOR POWER SENSE maximum spucilication must never by excuuded. Failure 10
N = Tt CALENT AR, Anp-ay Meet ha VN maximum spucification can cause 3 virtual
AN B : L SCR 10 appear which may resull i excassive current drain
p‘f’;‘;‘ P % 2:,,,, o2 g' - “,‘?gd’deSlr?JCliOn 0‘1 EL pf:—;’_-“' - | . .
Sysiem Ty |m s oo Y YaGuey t e fIE Lt ee g P.w',‘"" ! "?-6' i
“voo [T R G MG O ADDRESS MAP*~ .
[ETONR A ! 5‘:0—215 et e b -~ 2 :': 3
20 ko) i Figure 15 shows the address map of tha MC146818. The .
B ‘:33’:}“—?' mamory qons-s(s of 50 genegal purpps_e_RAM bytes, 1_0 RAM
o7 saraha w : bytes which normally contain the ume, calendar, and alarm
e ae i d;ta. and lour control and Status bytes. All 64 bytes aré
- v directly readable and wiitable Dy the processor progrym exs
R Y'Y | . cept for the foliowing:, 1) Registers C and D are rsad only, 2} -~
-~ 5308 bit 7 of Register A is read only, and 3! the high-order bit of
y 0.005 oF s rucs ,_‘“,j:ij -7 tne-seconds byte is read niy. The contants of four contol
i Ui opemmyet ! and status registers (A, 8, C, and D) are described in
S 5. REGISTERS. | 1 .
— - | REGISTERS: | o . 1 s
H = HENEE . ” " !
I - iy —_— t( - ! .TIME, CAI:ENDAR. AND ALARM LOCATIONS
) 3T =T e T .1 The processor progiam oblains tima and calendar infor-'
L Y - — ! Q¥ t mation by reading the appropriate locations. The program
D1 MBDT01 (Schottky) or Equivalent { P { may initialize 1he time,- calendar, and alarm by waiting 10
these RAM locations. The contents of the 10 tima, calundat, .

and alarm bytes may bo either binary of pinary-codod deci-
mal {(BCDL. - L .
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Before imitializing the internal registers, the SET bit in
Register B should be set 10 a .17 10 prevent ume/calendar
updates from occurring. The pvogram initializes the 10 loca-"‘

- tons in the selected format Ibinary or BCD), then indicates™
the lormal in the data mode {DM) bit ol Register B. All 10, "‘" = The time, calendar; and alarm byles are not always ac-tx «
“cessable by the processor program. Once-per-second the 10~ €5
bytes are swilched 1o the update logic 1o be advanced by one .r2
second and to check for an atarm condition. if any of the 10
bytes are read at this_ime, the data outouts are undefined.
The update lockoul tume is 248 us at the 4.194304 MHz and

1.048567 MHz umnc bases and 1948 gs lor the 32.768 kHzi
time base. The Updaie Cycle section shows how 10 accome r .
modate the update cycle in the processor program.s 2 sow v oy

ume, calendar, and- alarm bytes must use the same data '
mode, either binary or BCD. The SET bit may now be clcarcd
to atlow updates. Once intiatized the real-time clock makes :
all updates in the selected data mode. The data mode cannot”
be changed without. rcwhahzmg the 10 data byles.
Table 3 shows the bindry and BCO formats of the 10 Ilme e
calendar, and alarm locations. The 24712 bit in Register 8% .

eslabhshes whelhel 1hc houl locanons represent 1-10-12 ordr - .
-~ it gsONT

$20us 1 3 i pad s FIGURE 15 ~ ADDRESS MAP .
rewnver rete i and "r*“....“'\ ur
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0-10-23. The 24/12 bit cannot be changed without reinitializ- - .
ing tha hour locations. When the 12-hour lormat is selecled -~~~
~ the high-order bit of the houts byte represents PM when it is
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TABLE 3 ~ TIME, CALENDAR, AND ALARM DATA MODES - 1 O o "
5 gy e AT .
B - - =
’ Address | cxp gy | Decimal : Range ~* = - L—sﬁenmp" Bco- | T T e e W
Location M Range Hinary Dsta Mode [ BCD Dats Mode B". MZdt Dats Mode
' o Soconds 059 500-538 $00-559 15 2 s
3 1 Seconds Alarm 0-59 $00-538 $00-559 ~ 153t | o213
v i 2 Minuics 0-53 $00-$30 $00-558 -+ 3A .. 58 . = :
: 'r "t 3. Minutes Alarm '0-59 $00-338 s $00-559 ..~ | - 3A = 58 . o
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i (24 Hour Moda) 0-23 $00-817 $00-$23 05 o5
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The three alarm bytes may be used in two ways. First,
when the program inserts an alurm time in the appropnale
hours, minutes, and seconds alarm locations, the alarm
nterfrupt is initated at tne specified time each day if the
alarm enable bit“is high, The second usage is 10 insert a

“'don’l care” state in one or more of three atarm bytes. The

““don’t-care™ code is any hexadecimal byte from CO 1o FF.
That is, the twa most-signiticant bits ot each byte, when set

. 10 717, create a “don't care” siugtion. An"alarm interrupt

©ach hour 15 created wilh a *"don’t care” code in the hours
alarm locauon. Sxmnlarly, an alarm 15 gensrated every minute
with “don’t care” codes i the hours and minuies alarm’
bytes. Tne “don’t care” codes in all tnree alarm byy.«s create
an iterrupt every second.

- e .

STATIC CMOS RAM v R

The '50 general purpose RAM byles are not dedicaied
within the M(146818. They can be used by the processar
program, and pre lully avalable duning the update cycle.

When wme ana catencar informanon must use Dattery
back-up, very lrequently there 1s other non-volatle data that
must be retained when main power is remaved. The 50 user
RAM oytes serve the need lor low-power CMOS banery-
backed storage, and extend the Rf\M avadable 10 the pro-

*gram.

Whnen further CMOS RAM is needed, additional
MC148818s may be included in the system. The time/calen-
Qar funclions may be aisabled by holding the OVO-DV2
dividers, in Register A, in the reset state by setting the SET
bit 0 Regisier B or by removing the oscillator. Holding the
awviders 1n reset prevunts intetiupts or SOW output from
operaung while sething the SET bit allows these funciions 10
occur. With the dividers clear, the avalable uscr RAM is ex-
lendud 1o 59 bytes  Thy lugh-order bit of the suconds Lyte,
bit 7 of Register A, and alt bits of Regisiers C and D cannot
etlcClvuly Le used su guneril purposy RAM.

INTERRUPTS

The RTC plus RAM mictudus thige separate hully sulomatic
sources of inturfupls Lo the processor. The alarm ntesrupt
May De programmed 10 0CCur at 1ates rom once: pei-second
10 on-a-day. [he penodic interrupt may be selecied for-
futes from halt-a-sccond 1o 30.517 ks, The updateended
inlerupt May be used 10 ndicate 10 the progsram that an up~
Gate cycle s completed. Each of these independent interrupt
conamons are descnbed in gredier detdul in Other secuions.

The processor program selects winch intetiupts, f any, it
wishes 10 receve. Tlueu bits in Register B enable the thiee

nterrupts. Wanng a 17 1o a interrupt- enable bil permuts "

thatinterrupt 10 be imtisted when the event occurs. A 0™ in
the nterrupl-enable bit profubits the IRQ pin fiom being
asserted due 10 the interrupl cause. .o

it an nterrupt tlag is_.alreudy set when the interrupt

becomes enabled, the IRQ pin 15 immediately activated, 5

though the interrupt Iniidting the event may have occurred
much earher. Thus, thery are cases where tha progiam _
should clear such edrhar witiated ntercupts belore Must
enabhing new nmeuupls.

" When an’ interrupt event occurs a flag bit is set 10 a 1" in
Register C. Each of the three interrupt sources have separate
flag bits in Register C, which are set independent of the state
of the corespanaing enable bits in Regisier 8. The'llag bit
may be used with or without enabling the cetrespondmg
enable bits. .

in the sofiware scanned case, the program does not
enable the interrupt. The “interrupt” flag bit becomes.a
S1atus bit, which the sofiwara unerrogates, when it wishes.
When the soitwara detects that the flag is sat, it is an indica-
tion 1o software that the “interrupt” eveni occurred since the
bit was last read.

However, there is one precaution. The flag bits in Register

~~ C are cleared {record of the interrupt event is erased) when

" Aegister C is read. Double latchung is included with Registar

-— C so the bits wnich are set are stable throughout ihe read

cycle. All bits which are high when read by the program are
cleared, and new interrupts {on any bitsl are neld unti after
the read cycle. One, wo, or three tlag bits may be found 10
be set when Register C is read. The program should inspect
all utilized Htag bus every time Register C i s fead to insure
that no intersupls are lost.

The second flag bit usage method is wnh fully enabled
interrupts. When an interrupt-flag bit is set and U lhe cof-,
responding interrupt-enable bit is also set, the IRG pin 1s
asserted Jow. IRQ 1s asserted as long as-at least one of the
three interrupt sources has ils tlag and enable bits both set.
The IRQF bit in Register C is a 1" whenever the IRQ pin is
being driven low. - .

. . The processor program can determine that the RTC
mmaxed the interrupt by reading Register C. A 1" in bit 7
(IRQF bt} indicates that one or more nterrupts have been
intiated by the part. The sct.of 1eading Registur C clears all
thy then-aguve Hag bits, plus the IRQF bil. When the pro-

. gram hings HQF set, 0 should look at cach of the indwicuat

llag bits in the sume byte which have the cottesponding
interruptemask bits set and service each nterrupt which is
sul. Agamn, 1nore than one snierrupt-1ag bit may be sel.

\ ® b, .

"DIVIDER STAGES
The MC146818 has 22 binary-divider stages following the

ume basa as shown in Figure 1. The output of the dividers 1s *

a1 Hz signal 10 the update-cycle logic. The dividers are con-
troller by three divider bus IDV2, DV1, and DVO} in Regisier
A. y

DIVIDER CONTROL . . - .-
The divider-control bits have three uses, as shown in Table
4. Three usable operating tne bases may be selected

- 14.194304 MHz, 1.048576 MHz, or 32.768 kHzl. The divider

chain may be held reset, which allows precision setung of
the time. When the divider is changed from reset 10 an
operating time base, the lirst update cycle is one-half second
later. The.divider-conuol bits are also used_to. faciitate
lesting the MCHGBIB
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T TABLE 4 - DIVIDER CONFIGURATIONS ] - R - -
i - ) . _ Time-Base %Md.er B';\s Opetation]  Divider | Bypass First - ’ :- . :é.,
Frequency egister Mode* Reset | N-Divider Bits ' ) .
.- DVZT OV DVD .
. - 4134304 MH3 "0l o |0 Yes - N=0 ’ .
. o B o . 1.048576 MHz R 1 ves” |7 - Y Na=2” " -t -
) sz~ F o | 1| o Yos ey wert | o< .o T
N v S Wy L on
. (Any, . 1 1 [} No . Yus - — 8
Y RN P g N
. - lAnv PR -1 "1 1 No Yus S b h
[P, aa 4 .
. "M T 7 Note: Other combinations of didor bis are used [or lest purposes only. .. # 3% R
= [ I A T . . <
- <, s Mot — NN S ot oo im ke LR A
SQUARE-WAVE OUTPUT SELECTION - 7 4 PERIODIC INTERRUPT SELECTION

Filteen of tha 22 divider 1aps are made avatable 1o a ,
1-01-16 selector as shown in Figure 1. The st purpose of-
selecting a divider tap is 10 gencrala @ square-wave oulput-
signal at the SOW pin. The RSO-RS3 biis in Register A
establish the square-wava frequency as hsied in Tabie 5. The
SQW frequoncy seloction shares tha 1-01-15 solector with
penodic interrupts. > ret
. Once the frequency 1s sclected, the output of the SOW pin
may be turricd on and oll under program control with tho
square-wave enablo (SOWE) bt in Registor B.. Altening the
dwider, square-wave outpul sulection bits, or the SOWE
output-enable it may generate an asymmetnical wavelorm - -
at the ume of execution. The square-wave output pin has a
number of potential uses. For example, it con serve as a lre-
quency standard for external use, a frequency synthesizer, of
could be used 10 generate one of more audio tones under

The periodic miertupt aliows the TG pin 10 be triggered
ffom once cvery Y00 ms 1o once every 30.517 ps. The
periodic interrupt 1s separate from the alarm intercupt which:
may be output from once-per-second (o once-per-gay.

Table 5 shows that tho periodic interrupt rate 1s selected
with thg sama Regisier A bits which select the square-wave
{requency. Changing one also changes the other. But each
funclion may be scparately enabled so that a program coutd
swilch batwaen the two laatures or use both. The SOW pin
s enablod by tho SOWE bit in Register B. Simularly lhr.i"
penodic interrupl is enubled by the. PIE bit in Register 8.

Periodic interrupt is -usable by practically all veql-lime
sysiems. It can be used to scan for ail forms of inputs from
contact closures to scnal receive bits or bytes. Itcan be used
in multiplexing displays or with software counters 1o mea-
sure inputs, creatc output intervals, or await the next nceded

e

program control. % . 2y tm e + software function.
e SV R e o DN ’ T E T Pl safl
e e — & Sy 2 e ""’
s - TADLE § — PERIODIC INTERRUPT RATE AND SOUARE WAVE OUTPUT FREQUENCY” Foit  wanimes
| ¢ o e s | 4190000r 108576 MHe [ o 12768 KM e e e,
Lo "- wi o b \ L goloct Bils.;:"' e .Timu Base 4 ; .l'irnn Bntﬂ 4 . N . }
’ ’ o N -z: C o Register A lm:n.;::’:na SQW O lm:::;dﬂ’cale SQW Output ) <
’ o RS3 | RSZ[ RS1 [ RSO| tpl Froquol::ym Pl quuo‘:\‘cpyu |7 ' - .
0 |. 0 0 0 None None None None
oo} o 0517 48 | 32.768AHz | 3 0625 ms 206 He
0 [ 1 0 61035 55 16.384 kHz { 78125ms p— 128 Hr—~ |~ -~ = - e T
R . 0 1’0 [ Y | 1220704 | B8192kHz | 122070,s | 8192kHz |~ —— .

] 1 0 0 244 141 gs 4 006 kHz 244 141 43 4,096 kHz -
0 1 0 | v | 88281 ,s | 2038xHz | 48828145 | 2048kHz
0 T |-1 | 0| 976562,8 | 1024kMz | 97656245 | 1.024kHz N -
0 1 1 V] 1953125ms | 512 Hz 1053125 ms 512 Hy o

N ! 0.J 0 | 0§ 3w25ms 256 Kt 3 %0625 ms 256 Hz .

' 1 o o0 1 78125 ms 128 1z 78125 ms 128 H2 oL T LT
1 0 1 0 15 625 ms 64 Hz 15 625 ms 64 Hz * -

< L. T o[t | 1] n2sme 32 My 31 75 ms 32 A1 . — -
v |71 0] 0] 625ms 16 Hr 525 ms 16 Rt T T .
1 1 o | 125 ms 8 Hr 125 ens 8 Hz -t T
1 1 v | o 250 ms 4 Hz 250 ms 4 Hr
¢ B [ 1 1 S00 ms 2H2 500 ms 2Hz - oy om e
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UPDATE CYCLE * .

The MC146818 executes an update Cycle oncCe-puf-
second, assuming one of the proper ume buses is in place,
the DVO-DV2 divider 15 not char, 4nd the SET bitin Rugistur
8 15 clear. Thu SET tat in the *1** state puriuts thy program
10 1nilichize the time and CalendJr bytus Dy S1OppIng un vaist:
ing update and preventing a nuw ong {rom occuning.

Tha pnmary tuncuon of the updato cycly 15 10 incromunt
the seconas byte, chieek for ovarllow, increment the nunutes
Lyle whun 3pproprnuaiu and s0 jurth twough 1o the year ol
the centuty pdyte. The update cyclu also CompJivs viasch
alatm byte with thu cutfusponding mu bytu end issuus un
Siarm al a match of i a “don’t cary™ codu [TIXXXXXX) is
prusent 1n il thice POSILONS. * ©

Wilh a 4.194304 MHz or 1,038576 MHZ time baso the up-
date cyCie takes 248 ps while a 32,763 kM2 time base update
cycle takes 19343 ps. Qunng the update cycle, tha ime, calen-
oar, and alarm bytes are not accessable by the processor
program. The MC145318 protects the progiam from reacing
wansimonal gata. This protection is provided by switching
the ume, calendar, and atarm portion of the RAM oft-the
microprocessor bus durnng the entre update cycte. It the
processor reads these RAM locauons before the update is
complete the output will be undelined; The update in pro-
gress (UIP) status bit is set duting the interval.

A program which randomly accesses the ime and date n-

- {ormation finds 0ata unavailable statistically onca every 4032
atlempts. Three methods of accommodaung nonavailability
aunng upaate are usable by the program. In ciscussing the
threa metnogs 1t s assumed_thst &t LINJOM POIILS Usul Pro-.
giams 3fe 0l 10 call a subrouting 1o obtain the tme of day.

The fwst method ol avoiging the update cyclu uses the
update-ended interrupt. If snabled. an interrupt occurs alter
evety updata CyCle which indicates that over €99 ms are
avarkasble 10 1e3d valid Ume and duly informauon. Dunng this
ume 3 aisplay could be updalud of the intormation could be
transtered 10 coninuously available RAM. Before lwaving the
interrupt service routing, the IROF bit in Registar C should ba
cleared. - B B

The second method uses the update-in-progress bit (UIP)

n Register A 10 dotermune if the updale cycle is in progress’

or not. Tha UIP but will pulse once-per-second. Stausucally,
the UIP bit will indicaty that time and date nlormaton is
unavailabla once avery 2032 attempts. Alter the UIP bit goes
high, the update cycle bagins 244 us later. Therolore, it a low
is read on the ULP bit, the usyr has at least 244 xs balora the
uma/calendar data will ba changed. It a 1™ is ruad in the
UIP bit, the tima/ calendar data may not be vahd. The user
should avoud interrupt sarvice (outines that would cause the

» .

t

tima needed 10 rcad.valid time/catendar dafa 10 exceed
244 us. N o
The third mothod uses a periodic interrupt 10 detesmine if

an updaty Cyclu is i Progress. The UIP bit in Register A is set”

high botwuun the seting of the PF bit in Register C {sew
Figure 16}, Puriodic nteriupts what occur at a rate of greater
than tguUC + tWC allow vahid ume ¢nd date informanion 1o be
suad at vach occuruncy ol tha penodic interrupt. The roads
shiould Le completud within {Tpp+ 21 +18YC 10 ensure tnat
duta i not usd dunng the updute cycClu. .

To proputly setup thy inturnal counurs for daylight sav-

_ings tmu Qpuratiun, thy usur must set he wne Jt leest two

seconds belore the rolfover will occur. Likewise,. the ume
must be set at least two seconds belore the end of-the 29th
or 30th day of the month. - -- ) . <
REGISTERS =7 .
The MC146818 has four registers which are accessible 10
the processor program. The four registers are aiso lully ac-
cessible dunng the update cycle. T

REGISTER A {$0A)
MSB LS8 Read/Wnte

b7 | o6 | o5 | t4 | ©3 | b2 | BV | O Regrstes
o | vz ] ovi| ovo | s3 | as2 | msi | Aso sacept UIP

UIP — The update in progress {UIP) bit is @ staius flag that
may be monilosed by the program. When UIP is 8 1" the
updatu cyclu 18 in progiess of will s00n begin. When UIP 15 a
*(0" tho updaly Cycie is NOL N Progress and will not be for at
least 244 us (lor all ume bases). This 1s detaled in Table 6.
The time, calendar, and slurm information n RAM is lully
available 10 the program when thu UIP bit1s 2ero — it1s not
n vansimon, The UIP bit 1s a ruud-only bit, and 1s not af-
fuciud by Husot. Wating the SET bitn Register 8103 1"
innibit any update Cycls and then clear the UIP status bit.

TADLE 6 — UPDATE CYCLE TIMES

i . Minimum Tume
i S\ IR Bes hlpdate Cycle Time| g_1ors Update
: toscy ! Cycle ttauC)
1 4.194304 MHz 240 s g -
1 | rowstemme | . 2085 -
1 32.768 kHz 1584 ps -
0 4.194304 MHz - 244 p8
0 1.033576 MHz - 244 s
0 32.768 kHz - 244 s

FIGURE 16 — UPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIPS

UIP tut v -
Register A I—]

’ we -~

8uC
UF bt . “ . . ?
Register C . _ '—EIHL
. P+ .
i~* Pi py+2 —bl

PF ot
- Register C __.ﬂm]L

m

tpy = Penodic tnterrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, wic. pur Table S)

WG = Updste Cycls Tune (248 43 of 1934 psl
t8yC = Delsy Tums Belore Update Cycia 1244 u8)
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DV2, DVi, DVO — Three bits are used to permit the pro-
gram 1o select various conditions of the 22-stage divider
chain. The diwvider selection bits idenuly which of the three
ume-base Irequencies is in use. Table 4 shows that ume
bases of 4.194304 MHz, 1.048576 MH2, and 32.768 kHz may
be used. The divider selection bits are also used to'reset the
divider chain. When 1he time/ calendar is first initialized. the
program may start the divider at the precise ime stored n
the RAM. When the divider reset 1S removed the first update
cycle begins one-hal! second tater. These three read/write
bits are not aflected by RESET.

RS3, RS2, RS1, RSO ~ The four rate selection bits sefect

* one of 15 1aps on the 22-stage divider, of disable the divider

output. The tap selected may be used o generate an ouiputl
square wave {SQW pin} and/or a periodic interrupt, The pro-
gram may do one of ihe lollowing: 1) enable the interrupt’
with the PIE bil, 2) cnable the SQW output pin with thy
SOWE tit, 3} enable both at the same wume at the same raie,
of 4} enable neither. Table 5 fists the penodic interrupt ates
and the square-wave frequencies that may be chosen with
the RS tits. These lour bis are read/wrte bits which are not
alfected by FESET .

REGISTER B ($08)

=
MSB Ll RAcad/Wine
u? thi bh el 1% I B 1 ut (4]

sir | me | oA u | sawt DM | 24212 ]0SL

Hugisior

SET — Whon the SCT atis a “07. the update cycle func:
wons normally by advancing the counts once-per-second.
When tha SET bit 1s wntten 1o @ 1", any updaie cycle in
proygiess 1s aboried and the program may wminaiize the hme
and calendar bytes without an update occurning in the midst
ol mimataing. SET s a read/waie it which 15 not modihied
by RESET or snternat functions of the MC14G318. )

PIE — The perodic nterrupt enable (PIE} bit 1s a3
read/wate bit which aliows the pesiodic-interrupt flag (PF)
bitin Register C to cause the KU pin to be drnven low. A pro-
gram wrnites a 1" 10 the PIE it in order O receve penodic-
ntgrrupls at Iha rate specifind by the RS3J, RS2. RS, and
RSO bits in Register A A zero n PIE blocks R0 trom being
imtiated by a perodic interrupl, but the perrodic fiag (PF1 bt
15 still set at the peniodic rate. PIE 1s not modified by any n-
ternal  MC146818 functions, but s clearcd to "0 by @

* AIE — The alarm interrupt enable LAIE] bit1s a read/wnte
it which when set to 3 17 permits the alarm {lag {AF) bitn
Regster C to assert {RO. An alarm interrupt occurs for each
second that the three tme bytes equal the thiee alarm bylcs
uncluding a ““don’i cafe” alarm code of binary 11XXXXXX).
When the AIL bit is a 0™, the AF tit does not ininate an N0
signal. The RESET pin clears AIE 10 70" The internal func-
tions do not allect the AIE bit.

UIE — The UIE (upd\alo-cndcd interrupt cnablel bit 18 a
read/write bit which enables the update-cnd Hag (UF) itin
Register C 1o assert 3. The RESET pin going low or the
SET bit gong high clears tho'UIE bit.

SQWE — When the square-wave enable {SQWE) bit is 501
10 a 1" by the program, a square-wave signat at the Ire-

quency specified in the rate selection bits tRS3 10 RSO ap-
pears on the SAW pin. When the SQWE bit is set 10 3 zero
the SOW pin is held low. The state of SQWE is cleared by
the RESET pi. SOWE is a read/write bit.

DM - The data mode (DM} bit indicates whether time
and calendar updates are 10 use binary or BCD formats. The
DM bit-is written by the processor program and may be read
by the program, buts not modified by any internal functions
or RESET. A 1" 1n DM signufies binary data. while 3 0" n
DM specilies binary-coded-deaimal {BCD! data.

24732 - The 24/12 contral bit establishes the format of
ihe hours bytes as either the 24-hour mode {a *1") ‘of the
12-hour made (a “0”'}. This 1s a read/wnie bit, which is al-
tected only by software. .-

_ DSE — The dayhght savings enable {DSE} bu is. a
sead/wite bit which allows the program to enable two
special updates (when DSE s a *1} Onthe last Sunday in
April the ume increments from 1:59:59 AM 1o 3:00:00 AM.
On the tast Sunday in Ociober when the hme tirst reaches
1 59.59 AM it changes 10 1:00°00 AM. These special updates
do not occur when the DSE bitis a 707 DSE is not changed
by any internal operations ot 1esel.

REGISTCR C {50C)
« MSh LS
b7 06 B3 t4 Ll b bl L)
HQF | P | AF | UF 0

Aead-Onty
Regester

.. ——|RQF — The mnterupt request Nag (IRQF) is set 10 3 -
when one of more ol the following are truc:
PF=PIE="1" S

¥ »

AF = AIE="1"
UF=UlE="1"
i.0.. IROF = PF+PIE + AF+ AIE + UFUIE

“Any e the IROF bitis a "1, the iAD gin is driven fow.
All flag bits ate cleared atter Register C 1s read by the pro-
gram of when the RLSET pin s low

PE — The penodic ntertupt flag (PF) is a read-only bit
which s set 10-a 1" when a particular edge 1s detected on
the sclected 1ap of the divider chan. The RS3 1o RSO buts
estabhsh the penodic rate, PFis settoa *1" independent o!
the state of 1he PIE bit. PF being a 1" inntiates an {RQ signal
and sets the IROF bit when PIE is also a "'1” The PF bit1s
cleared by a BESET or a soltware read ol Regster C.

AE — A "1" in the AF talarm interrupt fiag) bit indicates
that the current time has maiched the alarm time. A1 in

- Ihe AF causcs the RO pin 1o go low, and a 1" 10 appear in

the IROF bit, when the AIE bit also s a "1™ A RESETof a
tead of Reqster C clcars AF.

UF - Tho update-ended interrupt flag tUF) bt is set alter
pach updatoe cycin. When the UIE bitis a "1, the 1" in UF
causcs the IROF bit 1o be a '1”", asserung iRQ. UF is cleared
by a Regisier C read or a RESET. .

b3 TO b0 — The unused bits of Status Register \ are rend
as “0's” They can not be written. .

a7 e N g
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C146818

REGISTER D (50D} . .

MS8 . LS8

o? ‘ w | b5 | o4 | B3} 62 | ot | B0 Read Only
wiilo|ojolo}eo o | 0| Repmied”

r -
had ‘

VAT — The valid RAM and time (VRT} bit indicates tho
condition of tha con'
sunse {PS) pin s satistacionty connuciud. A “0” appoats in
\he VAT it when the powul-senise pin is low. Thu procussof
progtem Can set the VRT Dit when the uime angd calandar are
suuahzed 10 indicaie that the AAM and ume are vahd. The
VRT is a read only bit which is not modilied by the AESET
pin. The VAT bit can only be set DY reaaing Hegister 0.

b6 TO B0 — The remaning bits of Register D are unused.
They cunnot be walien. but aie always tead as 0"

TYPICAL INTERFACING
Tna MC146818 15 best suited o1 use with MICIOPIOCUSSOIS
sddiess-1hen-Gatd multiplexed  bus

which  genciate an
Cus 10 bus-computblc

Figures 17 and 18 showr typical interly

tents of tho RAM, providug thu powut ==

processors.  These, interfaces assume thal the address

dacoding can be done quickly. However, it standard metal-
gule CMOS gates are used the CE setup timas may be
violated. Figure 19 iliustraies an alnatve mathod ol chip
selection which will accommodate such, slower decoding.

The MC146818 can be interfaced 10 single-chip microcony
puters (MCUI by using eleven port lines as shown in Figure
20. Non-multiplexed bus microprocessors can be wniterfaced
with additional support. -

Thue 18 onu muthod of using the multiplexed  bus
MC146818 with non-multiplexed bus processors. The iner-
lace uses availuble bus control signals 10 muliiplex .the
address and data bus together.. .

Ap example using sither the Motorola MCB800, MC6802,
MCE808, or MCBH03 mictoprocessor 13 shown in Figure 21.

Figure 22 illusuales the subroutines which may be used tor

data wanstuis in a non-muluplexcd system. The subroutings
should be entered with the regisices containing the lollowing

gata:

Accumulatof B; Write: The gata 10 boe wihitlen.
Read: The dota 1ead from the RTC.

The RTC is mapped 10 1wO conseculive memoty lacations =

RTC and RTC + 1 as shown in Figure 21,

FIGURE 17 — MC140818 INTERFACED WITH

MOTOROLA COMPATIBLE MULTIPLEXED BUS Mi

CHOPHOCESSORS

e
. Kt Addisa/ Dars Mulupluavd
Addruss Strob

Duta Suvbw (B} - Othor
- & = L 4 ty
ML Huad/ Witta /W) uul:ln:u
MCH 2 . intenupt Heguust ey T Mooty
P Y i
u/%

arb Addiusy

Adgress
Decouve”

*High-Spuwd Sthcon- +
Gute CMOS o TTL
Aagiess Decoang

v Yoy .
TE RO R/W DS AS ADO-AD? A
ESET l
419404
. c:} MH2z (Typ!
MC148818
cxouT CKFS ) sQw

Accumulator A: The address ot the RTC to be accessed.

I TP - TYw T 1 o



. “
FIGURE 18 — MC146818 INTERFACED WITH N
- COMPETITOR COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS
<8 Address/Dara B>
' Address Laich Enable IALE) ~ . . )
8085 R - - !
. - Read "1 - il N 3~ Other
8048 Wite (W) Penpherals
8049 B Interrupt Request o _ N .‘"d Memory
874 Address " 8/4>
. + .
= . _— 8085 .
. Only -
N . Address ’—l ’ .
Decode -
[ T - [ J 4 v 'Y
CE KO R/W DS AS ADO-AD?
: »! RESET 1
l MC146818 —_ s 154308
RESET ( - MH? (Typl
sow
3 =
FIGURE 19 — MC146818 INTERFACE WITH MC14680562 T
CMOS MULTIPLEXED MICROPROCESSOR WITH SLOW ADDRESSING DECODING
interrupt Request RO
Read/Wrie (RIW) A
Address Suohe 1AS) v
Data Sirobe (DS} feva
MC146805€2 T
’ 5 Non-Muluplered Addicss 5.7 Non-mulupiezed addinss
<8 Muluplesed Addiess/Daia >
0sCY

Uos

AY2

Address
Decode

l Y Y Y

~DS CL AS RAW IRQ ADO-AD?

PR i

'

MC140818

CKOUT CKFS

S 41194304 MMz
- 1ol

T

-1

e oo e e — e — . ——— S — — ————

Thrs diusieates ihe use of CMOS gatng ‘for adaress datnding.

vob




FIGURE 20 — MC146818 INTERFACED WITH THE PORTS OF A
TYPICAL SINGLE CHIP MICROCOMPUTER

MC3870
MCE505
MCI35305
2000 3
. 821 &
: 5
-9

4.154304 MH2 (Typ)

M

<B Aoaress/Daia

MC146818

"ADO-AD? saw >

Actve High Chip Sulect

1
|
|
|

Y § S — . 4 7s A4

Agaress Stiobe - :
>{ AS CKFS jagmr—
Reaa
- > DS .
e
> R/ W
CKOUT t—
|
5 |
vgg —» CE - i
iAD-___AFSEl__PS 1
|
. I
|
Port . . |
Lines |

=]

_FIGURE 21 ~ MC146818 INTERFACLD WITH MOTOROLA PROCESSORS

MCs000,
. MCEs02,

or
MCaB8X

RIW

}—‘-;s

00-07

7S

vgg—— CE

MC140818

O e e, T e,

o )

ey
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MC146818 ' A e

T . FIGURE, 22 — SUBROUTINE FOR READING AND WRITING"
THE MC146818 WITH A NON-MULTIPLEXED BUS

READ STA . RTC Generate AS and Laich Daia from ACCA -

. . LDAB RIC+1 Generate DS and Gel Dat2
RTS . )
. WRITE STA - RTC Generate AS and Latch Data from ACCA’
STAB RTC+1 Generate DS and Store Data
RTS

IMPORTANT NOTICES

Those devides made with date code 3NAGXXXX have the
- foliowing exceptions when used in the Motorola mode of
MOTEL.

1..Vpp =3 10 5.25 V {or operation
2. DS V| =0.6 V Max.

The faling edge of chip select should occur during the ac-
tive high pulse of address strobe. only pn those units with
date code GCEXXXX.




oo MAIN PROGRAM--=-=-~mm=m ;

" LABEL SOURCE CODE ; LoC OBJ
- LD A,FF ; 0000 3EFF
BOCOZ2 DEC A ; 0cec2 3D
JP NZ,0002 ; 0003 C20200
JP 0071 ; 06008 C37100C

SSEMBLY COMPLETED

LABEL SCURCE CODE ; Loc OBJ
JP 0B63 ; 0038 C3680B

SSEMBLY COMPLETED

LABEL SOURCE CODE : LOC OBJ
T IM 1 > 0071 ED56
JP 6503 ; 00738 C30305
XOR D ; 0076 AA

SSEMBLY COMPLETED

LABEL SOURCE CODE : LOC OBJ

NOP ] 0100 00
LD BC, 0302 ; 0101 010203
INC B ; 0104 04
DEC B ; 01035 05
LD B,07 ; 0106 0607
EX AF,AF’ 4 0108 08
ADD HL,BC ; 0109 09
LD A, (BC) : 010A 07N
DEC BC ; 010B 0B
INC C ; 010C 0cC
DEC Cc ; 010D 0D
LD C,0F ; 010E OEQF
NOP ; 0110 00

SSEMBLY COMPLETED

LABEL SOURCE CODE ; LOC OBJ
CCF ; 0120 3F
LD B, 5B ; g121 065B
LD C,A ; 0123 4F
LD H, {(HL) : 0124 6.6
o N2 ] SRR oL
Lo Ay b ; Vizo i

RLCA . ; gle7 01
: E . Jiy TE



3LY COMPLETED

oL

9

~1

LD
ADD
EX
LD
LD
LD
NOP

B,B
A,B
AF,AF’
E, (HL)

(HL),C

SOURCE CODE

LD
LD
pr -
CALL
CALL
LD
LD
LD
LD
LD
CALL
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD

-LD

CcP
JP
LD
CALL
LD
LD
ADD
ADD
ADD
EX
LD

. LD

ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD

SP,503A
SP,503A

18EC

1907

HL, 0000
(417B),HL
(4199),HL
(408A),HL
SP,503A
0DD5

HL, {(4004)
H,00
HL,HL
HL,HL

HL, HL

DE, HL

HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

0D
NZ,084E
SP,503A
0DD5

HL, (4004
H, 00

HL, HL
HL,HL
HL,HL

DE, HL

HL, (4003).

H,00
HL,DE
BC,0100
HL,BC

A, (HL)
0a
NZ,055C
A,C
(4006),4
0580

HI, (4004)
H,00

LI

45 We e W ma W we ML WE VO We M M W WS WE we ML We M Wa M we M WE NE W M U W WMe Ve W M we W WM WP we W we W we W

012A
012B
012C
012D
012E
012F
0130

LOC

0500
0503
05086
0507
050A
050D
0510
0513
0516
0519
051cC
051F
0522
0524
0525
0526
0527
0528
0528
052D
052E
0531
0532
0533
0535
0538
0538
053E
0541
0543
0544
0545
0546
0547
054A
054C
054D
0550
0551
0552
0554
0558
0537
025A
035¢C
053F

LRSS

40
80
08
S5E
79
71
00

OBJ

313A50
313A50
F3
CDEC18
CDQ719
210000
227B41
229941
228440
313A50
CDbD50D
2A0440
2600
29 .

29

29

EB.
2A0340
2600
19
010001
09

TE
FEOD
C24E08
313A50
CDDS0OD
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEOA
2006
79
320640
1374
2A0440
2600

‘4

€3

)

GG O
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BO576

B0594

B05B3

ADD
AuD
BN
LD
LD
ADD
LD
ADD
LD
OR
JR
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EY
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
cr

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, {HL)

A
NZ,0576
A,B

0557 .
HL, (4004)
H,00
HL,HL
HL,HL

HL, HL

‘DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

B
NZ,0594
HL, 4006
(HL),02
060D

HL, (4004)
H,00
HL,HL
HL,HL

HL, HL
DE,HL

HL, (4003)
H,00
HL,DE
BC,0100
HL, BC

A, (HL)

02
NZ,05B3
HL, 4006
(HL), 03
062C

HL, (4004)
H,00

HL, BL

HL, HL

HL, HL

DE, HL

HL, {4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

03

-

ME Me M M M LS W L VS We MY W M we W W M W W W ME B M W N W W M N e WS W WE Wwe MO W WS M WO W MO Md Ve W M Wwe Ve W W W W we W wE Me ws e wa e

0ab2
U563
U564
0565
0568
055A
0568
056E
056F
0570
0571
0573
0574
0576
0579
057B
057C
057D
057E
057F
0582
0584
0585
0588
0589
058A
058B
058D
0590
0592

. 0594

0597
0599
059A
059B
0g9C
059D
05A0
05A2

05A38

0546
05A7
0548
05AA
05AC
05AF
05B1
05B3
05B6
05B8
05B9
05BA
05BB
05BC
05BF
05C1
05C2
05C5
03Cs6
05C7

29

24

EB
240340
2600
19
010001
09

TE

B7
2003
78+
18E1
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

1E

B8
2007
210640
3602
1879 .
2A0440
2600
29

29

29

EB
2240340
2600
19
010001
0%

TE
FEO2
2007
210640
3603
1879
2A0440
2600
29

29,

29

EB
240340
2600
19
010001
09

TE
FEOQO3

~



BO5DO
B0O5D2

BO5EB

BO6OD
BO6OF

B062C
BOGZE

JR
b
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JP
LD
CALL
LD
LD
ADD

ADD

ADD
EX
LD
LD
ADD
LD
ADD
LD
CPp
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX

<
1
[

. 2
c oo

2N

oo
o
e

e
4
fond

-
ot
W

o —

-

_—

HL, 14004)
H,00
EL,HL
HL,HL
HL,HL
DE,HL
HL,(4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

04
NZ,06E9
SP,503A
ODD5

HL, (4004)
H, 00
HL,HL

HL, HL

HL, HL
DE,HL

HL, (4003}
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

B
NZ,060F
HL,4006
(HL),05
0689

HL, (4004)
H,00
HL,HL
HL,HL
HL,HL
DE,HL

HL, (4003}
H, 00
HL,DE -
BC,0100
HL,BC

A, (HL)

02
NZ,062E
HL, 4006
(HL), 06
06A8

HL, (4004)
H, 00
EL,HL
HL,HL
HL, HL
DE, HL

ME M M W M WMe M W M W W W Me M MY W VM G Ve WS WO Me ME W M WO MY W VR W W We W W W e MO W A M W M W W M W VM W WM we M we WP wa M we W ws as

05C9
05CB
USCE
05D0
05D2
05D5
05D7

- 05D8

05D9
05DA

05DB

05DE
05E0
05E1
05E4
05E5
05E6
05E8
05EB
05EE
05F1
05F4
05F6
05F7
05F8
05F9
05FA
05FD
05FF
0600
0603
0604
0605
0606
0608
060B
060D
060F
0612
0614
0615
0616
0617
0618
061B
061D
061E
0621
0622
0623
0625
0627
062A
062C
062E
0631
0633
0634
0635
0636

2007
210640
3604
1879
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

7E
FEO4
C2E906
313A50
CDD50D
2A0440
2600
29

29

29
EB
240340
2600
19
010001
09

7E

B8
2007
210640
3605
1874
240440
2600
29

29

29

EB
280340
2600
19
010001
09

7E
FEO2
2007
210640
3606
1874
240440
2600
29

29

29

EB



B064B
B064D

B0O66C

B0689
B0O68B

LD
b
Abb
LD
ADD
LD
CcP
JR

LD

LD
JR
LD
LD
ADD

ADD

ADD
EX
LD
LD
ADD
LD

" ADD

LD
CP
JR
LD
LD
JR
LD
LD
ADD

ADD"

ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR

1
i

HL, (4003)
H,0u

HL, DE

BC, 0100
HL,BC

A, (HL)

03
NZ,064D
HL, 4006
(HL),07
06CT7

HL, (4004)
H,00

HL, HL

HL, HL
HL,HL

DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

04
NZ,066C
HL, 4006
(HL),08
06E7

HL, (4004)
H, 00

HL, HL

HL, HL
HL, HL

DE, HL

HL, (4003)
H,00
HL,DE

BC, 0100
HL, BC

A, (HL)

05
NZ,068B
HL, 4006
(HL),09
0B6E7

HL, (4004)
H, 00

HL, HL
HL,HL

HL, HL

DE, HL

HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)
086
NZ,06AA
HL, 4006

0 e W We M W WM U W L ME W M W NS W MO ME B we MNP W Ve M M we W W M ue we we e .

Ve we W Wl Me U W U M W MY W YE WME W W Y We WP We WP we we wa

0637
063~
053¢0
063Db
0640
0641
0642
0644
0646
0649
064B
064D
0650
0652
0653
0654
0655
0656
0659
065B
065C
0B5F
0660
0661
0663
0665
0668
066A
066C
066F

0871

0672
0673
0674
0875
0678
0674
067B
067E
067F
0680
0682
0684
0687
0689
068B
068E
0690
0691
0692
0693
0694
0697
0699
0694
069D
069E
069F
06A1
06A3

2A00540
260U
Yy
010001
09

TE
FEO3
2007
210640
3607
187A
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001~
09

7E
FEOQO4
2007
210640
3608
1878
240440
2600
29

29

29

EB
2A0340
2600
19
010001
09 )
7E
FEO05
2007
210640
3609
185C
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEO6
2007
210640



B06AS
B06AA

BO6C7
BOBCS9

BOBE7
BOGE9

B0702

<J

LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD

CP o

JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
Cp
JP
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
abD
LD
CP
JP
LD
CALL
LD
LD
ADD
ADD
ADD
EX
LD
LD

{HL},0A
0724

HL, (4004)

H,00
HL, HL
HL, HL
HL, HL
DE, HL
HL, (4003)
H,00
HL,DE
BC, 0100
HL, BC
A, (HL)
07
NZ,06C9
HL, 4006
(HL), 0B
0743

HL, (4004

H,00
HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE

BC, 0100
HL,BC

A, (HL)
08
NZ,05EB
HL, 4006
(HL), 0C
0762

HL, (4004)
H,00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00

* HL,DE

BC,0100
HL,BC

A, (HL)

05
Nz,0800
SP,503A
0DD5

HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL
DE,HL

HL, (4003)
H,00

'
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'

0BAB
06A8
06AA
06AD
0BAF
06B0
06B1
06B2
06B3

06B6 -

06B8
06B9
06BC
06BD
06BE
06CO
06C2
06C5
06C7
06C9
06CC
06CE
06CF
06DO
06D1
06D2
06D5
06D7
06D8
06DB
06DC
06DD
06DF
06E2
06E5
06E7
0BE9
06EC
06EE
0BEF
06F0
06F1
06F2
06F5
06F7
06F8
06FB
06FC
06FD
06FF
0702

- 0705

0708
070B
070D
070E
070F
0710
0711
0714

360A
187A
240440
2600
29

29

29

EB
240340
2600
19
010001
09"

7E
FEO7
2007
210640
360B
187A
240440
2600
29

29

29

EB
240340
2600
19
010001
09

- T7E

FEOQ8
C2EBOS
210640
360C
1879
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

7E -
FEOb
€20008
313A50
CDD50D
2A0440
2600
29

29

29

EB
2A0340
2600



BO724
B0726

BO743
BO745

BO762
BO764

ALD
LD
ADD
LD
CPp
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD

ADD

LD
CcP.
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR

HL,DE
BC,0100
HL, B

A, (HL)
B
NZ,0726
HL, 4006
(HL), 0D
07A0
HL, (4004)
H,00
HL,HL
HL, HL
HL, HL
DE, HL
HL, (4003)
H,00
HL,DE
BC,0100
HL,BC
A, (HL)
02 = .
NZ,0745
HL, 4006
(HL) , QE

- 07BF

HL, (4004)
H,00
HL,HL

HL, HL

HL, HL
DE,HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

03
NZ,0764
HL, 4006
(HL) , OF
O07BF

HL, (4004)
H,00

HL, HL

HL, HL
HL,HL .
DE,HL

HL, (4003)
H,00
HL,DE
BC,0100
HL, BC

A, (HL)

04
Nz,0783
HL, 4006
(HL), 10
07BF

-

e Me W M Wwe M v M we W owe

M WM M wE VY W M W ME WM MY ME M WMe WP WE M UE W WE WE W VS WM Ve W WY We WME we M we MO W WS W WA W WME v WE we ME we W e W

0716
0717
071A
071B
071C
071D
071F
0722
0724
0726
0729
072B
072C
072D
072E
072F
0732
0734
0735
0738
0739
073A
073C
073E
0741
0743
0745
0748
074A
0748

074C

074D
074E
0751
0753
0754
0757
0758

0759

075B
075D
0760
0762
0764
0767
0769
076A
076B
076C
076D
0770
0772
0773
0776
67717
0778
077A
077C
O77TF
0781

19
010001
vy

TE

B8
2007
210640
360D
187A
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEO2
2007
210640
360E
187A

2A0440

2600
29

29

29

EB
2A0340
2600
19
010001
09

7E
FEO3
2007
210640
360F
185B
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEO4
2007
210640
3610
183C



BO7A0
B0O7A2

BO7BF
Bo7C1

BOTEQ

LD
LD
ADD
ADD
ADD
EX
LD

L
ADD
LD
ADD
LD
Cp
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP

" JR

LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD

HL, {4004,
B,00

HL, HL

HL, HL

HL, HL
DE,HL

HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

05
NZ,07A2
HL, 4006

"(HL), 11

07BF
HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H, 00 :

HL, DE
BC,0100
HL,BC.

A, (HL)

06
NZ,07C1
HL, 4006
(HL), 12
083D

HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00

HL, DE

"BC,0100

HL,BC

A, (HL)

07
NZ,07E0
HL, 4006
(HL),13
083D

HL, (4004)
H,00
HL,HL
HL,HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE

MO W ML M MY UL N Me M L M M WS Ml WO U MY U e M W M U me W W W U M we W Ml M e M W We we WS we W W We we M we We we ws we We we e we wr.we s

U783
0786
0788
0789
078A
078B
078C
078F
0791
0792
0795
0796
0797
0799
079B
079E
0740

07A2,

07A5

07AT
" 07A8

07A9
07AA
07AB
07AE
07B0
07B1
07B4
07B5
07B6
07B8
07BA
07BD
07BF
07C1
07C4
07CH
07CT
07C8
07C9
07CA
07CD
07CF
07D0
07D3
07D4
07D5
07D7
07D9
07DC
O07DE
07EO
07E3
07E5
07ES6
07E7
07ES8
07E9
07EC
07EE

230440
U0
z4

29

29

EB
240340
2600
19
010001
09

7E
FEO5
2007
210640
3611
181D
2A0440
2600
29

29

29

EB
240340
2600
19
010001
09

TE
FEO6
2007
210640
3612 ..
187C .
220440
2600
29

29

29

EB
240340
2600
19
010001
09

TE
FEOT
2007
210640
3613
185D
240440
2600
29

29

29

EB
2A0340
2600
19



B080O

BO81F.

B0O83D

B084B
BOB4E

LD
ADD
LD
ck
JP
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
Ccp
JP
LD
LD
LD
LD
LD
LD
LD
JP
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP

B, 0100
HL,BC

A, (4L

08
NZ,0702
HL, 4006
(HL), 14
083D

HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H, 00
HL,DE

BC, 0100
HL,BC

A, (HL)
06
NZ,081F
HL, 4006
(HL), 15
083D

HL, (4004)"

H,00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

07
NZ,0538
HL, 4006
(HL), 16.
HL, 4008
(HL), 00
HL, 0000
(4150),HL
(4152),HL
0519

HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

OF

UTEF
07F2
UTE3
07F4
07F6
07TF9
07FC
O7FE
0800
0803
0805
0806
0807
0808
0809
080C
080E
080F
0812
0813
0814
0816
0818
081B
081D
081F
0822
0824
0825
0826
0827
0828
082B
082D
082E
0831
0832
0833
0835
0838
083B
083D
0840
0842
0845
0848
084B
084E
0851
0853
0854
0855
0856
0857
085A
085C
085D
0860
0861
0862

010001
09

T8
FEO8
C20207
210640
3614
183D
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEO6
2007
210640
3615
181E
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEO7
C23805
210640
3616
210840
3600
210000
225041
225241
C31905
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEOQOF



JP NZ,0B17 ; 0864 C2170B

LD A,B : 0867 78

LD (4005),4 : 0868 320340
BO86B LD SP,503A : 086B 313A50

CALL O0DD5 : 086E CDD50D

LD HL, (4004) ; 0871 - 2A0440

LD H, 00 ; 0874 2600

ADD HL, HL : 0876 29

ADD HL, HL ; 08717 29

ADD HL, HL ; 0878 29

EX DE, HL 3 0879 EB

LD HL, (4003) : 087A 2A0340

LD H,00 ; 087D 2600

ADD HL,DE ; 087F 19

LD BC,0100 ; 0880 010001

ADD HL,BC ; 0883 09

LD A, (HL). : 0884 TE

OR A : 0885 B7

JR NZ,088D : 0886 2005

CALL 1EC4 : 0888 CDC41E .

JR _  084B : 088B 18BE
B088D LD HL, (4004) ; 088D 2A0440

LD H,00 ; 0890 2600

ADD HL,HL ; 0892 29

ADD HL, HL : 0893. . 29

ADD HL, HL 3 0894 29

EX DE,HL : 0895 EB

LD HL, (4003) : 0896 2A0340

LD H, 00 ’ 0899 2600

ADD . HL,DE ’ 089B 19

LD BC,0100 . 089C 010001

ADD HL,BC \ 089F 09

LD A, (HL) ; 08A0 1E

CP 02 3 08al FE02 3

JR NZ,0848 : 08A3 2003

LD A,C ] 08A5 79

JR 0gc1 ; 08A6 1819
BO8AS LD HL, (4004) ) 08A8 240440

LD H,00 S 08AB 2600

ADD HL, HL : 08AD 29

ADD HL,HL : 08AE 29

ADD HL,HL : 08AF 29

EX DE,HL § 08B0 EB

LD HL, (4003) ; 08B1 240340

LD H,00 " 08B4 2600

ADD HL,DE ; 08B6 19

LD BC,0100 ; 08B7 010001

ADD HL,BC : 08BA 09

LD A, (HL) ; 08BB TE

CP 03 : 08BC FEO3

JR NZ,08C9 ; 08BE 2009

LD A,B ; 08CO 78
B08C1 LD (4009),A ; 08cC1 320940
BO8C4 CALL 15C3 : 08C4  CDC315

JR 084B ; 08C7 1882
BO8CY LD HL, (4004) ; 08C9 2A0440

LD H, 00 ; 08CC 2600

ADD HL, HL : 08CE 29

ADD HL, HL : 08CF 29

ADD HL,HL ; 08DO 29



%OBEZ

30960

30905

30920

CALL

ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CcP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
cp
JR
LD
JR
LD
LD

ADD

ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
3
JR
LD
LD

DE, HL
HL, (4003)
4,00
HL,DE
BC,0100
HL,BC

A, (HL)
04
NZ,09DB
SP,503A
0DD5

HL, (4004)
H,00

HL, HL

HL, HL

HL, HL
DE,HL
HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

B
NZ,0905
A,C
(400C),A
097B

HL, (4004)
H,00

HL, HL .
HL,HL
HL,HL

DE, HL

HL, (4003)
H, 00
HL,DE

BC, 0100
HL,BC

A, (HL)
02
NZ,0920
A,B

0300

HL, (4004)
H,00
HL,HL

" HL,HL

HL,HL
DE, HL
HL, (4003)
H,00
HL,DE
BC,0100
HL,BC
A, (HL)
03
NZ,093F
HL,400C
(HL), 02

TT NS T Ns ML Mo Ml M M M M U M W M L NS M e B MY W M e WY Le W M WY W M M M WS MO M MO We W W Me e W M VS L M ue M we We We M we ME me v wa e e

08D
08D2
08D5
08D7
08D8
08DB
08DC
08DD
08DF
08E2
08E5
08ES
08EB
08ED
08EE
08EF
08F0
08F1

08F4

08F6
08F17
08FA
08FB
08FC
08FD
08FF
0900
0903
0905
0908
0904
090B
090C

090D-

0S0E
0911
0913
0914
0917
0918
0919
091B
091D
091E
0920
0923
0925
0926
0927

0928:

0929
092C
092E
092F
0932
0933
0934
0936
0938
093B

EB
2A0340
2600
19
010001
08

TE
FEO4
C2DB09Y
313A50
CDD50D
240440
2600
29

29

29

EB
240340
2600
19
010001

T 09

7E

B8
2008
79
320C40
1876
240440
2600 -
29

29

29

EB
240340
2600
19
010001
09

TE
FEO2
2003
78
18E0
240440
2600
29

29

29

EB
240340
2600
19
010001
09

TE
FEO3
2007
210C40
3602



)95E

978
)S7D

)99C

JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD

LD -

ADD
LD
Cp
JR

LD ™

LD
JR
LD
LD
ADD

ADD"™

ADD
EX
LD
LD
ADD
LD
ADD
LD
Cp
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD.
CPp
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX

LD -

09B9Y

HL, (4004)
H,00
HL,HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

04 -
NZ,095E
HL,400C

* (HL),03

09D9

HL, (4004) .

H,00
HL, HL

HE, HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)™
05

NZ, 097D
HL, 400C

(HL),04 " —

09D9
HL, (4004)"
H,00

HL,HL

HL,HL

HL,HL =777

DE, HL
HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

06
NZ,099C
HL, 400C
(HL), 05
0A16

HL, (4004)

"H,00" ~

HL,HL .
HL,HL
HL,HL
DE,HL

HL, (4003)
H, 00

Ve W M W We W W M Me WE we we we

T 095C

W we we we Ve we M we we

098477 (P29

Mo Me e e we WeRue We e W e We Wi W Me W we W we W, ee wo,ue

1
I,

1

CME Me M Ve ws M we we

%

M we M us we we

_———— — .

1874 |
2A0440
2600
29
29
29
EB
240340
2600
19
010001
09
7E
FEO4
2007
210C40
3603

“T187B

" 2A0440.

2600
29

TTTTO964T T 29T T

/29
EB

<. 240340
T 2600

19

T 096D 010001

09
(E

FEO5
- 2007

210C40
T T 3604 T

185C
2A0440
2600
29

29

EB
2A0340
2600

YKL

010001
~ 09
7E
FEO6
2007
210C40
3605
187A
2A0440
2600~
29
29
29
EB
2A0340
2600

i e s ot = -

R



9B9
BB

3DS
9DB

OF 4

\16
\18

AbD
LD
ADD
LD
CP
JR
LD
LD -
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JP
LD
LD

"JR .

LD
LD
ADD
ADD
ADD
EX
LD
LD -~
ADD
LD
ADD
LD
CP
Jp
LD

CALL

LD -
LD
ADD
ADD ~
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD

Hi,, De
BC,0100
HL, BC

A, (HL)

07
NZ,09BB
HL, 400C
(HL), 086
0A35

HL, (4004)
H, 00
HL,HL - -
HL, HL
HL,HL -
DE,HL
HL,'(4003)
H, 00
HL,DE
BC,0100
HL, BC

A, (HL)
08~ - -
NZ,08E2
HL, 400C
(HL), 07
0A54

HL, (4004)
H,00

- HL,HL
© HL, HL Z

HL,HL
DE,HL
HL, (4003)

HY §0p2 - F§ =<

HL,DE
BC,0100
HL, BC

A, (HL)

05 :
NZ,0AF6
SP,503A
0DD5

HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL, BC

A, (HL)

B
NZ,0A18
HL, 400C
(HL),08
0A73

HL, (4004)

UZAA
09AB
09AE
09AF
09BO
09B2
09B4
09B7
09B9
0SBB -
0SBE
08CO0 -
09C1
09Cc2 -
09C3
09C4
09C7
09C8 ~
09CA
08CD
09CE

09CF — ™~

09D1
09D4"
09D7
09D9
09DB
09DE
0SEO
09E1
09EZ2
0SE3
09E4

" 09ET T

09ES
09EA
09ED
0SEE
09EF
09F1
09F4
09F7
09FA
09FD
O09FF
0A00
0A01
0A02
0A03
0A06
0A08
0A09
0AO0C
0AOD
OAOE
0AQF
0Al1l
0A14
0A16
0A18

-

19
010001
09

TE
FEO7
2007
210C40
3606 ~
187A
2A0440
2600

29 . 7 7

29
29" -
EB
2A0340
2600
19 -~
010001
09

7R
FEOS
C2E208
210C40
3607
1879
2A0440
2600 "
29

29

29

EB
2A0340
2600
19
010001
09

7E
FEO5
C2F60A
313A50
CDD50D
240440
2600
29

29

29

EB
240340
2600
19
010001
09

TE

B8
2007
210C40
3608
185B
2A0440

i, o



35
37

—

ADD
ADD
ALD
EX
LD
LD
ADD
LD
ADD
LD
CcP
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD,
EX
LD
LD
ADD
LD
ADD
LD
cPp
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX

" LD

LD
ADD
LD
ADD
LD
CP
JR
LD
LD
JR
LD
1D
ADD
ADD
ADD
EX
LD
LD
ADD
LD

h,Ju
HL,HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H, 00

HL, DE

BC, 0100
HL, BC

A, (HL)

02
NZ,0A37
HL,400C
(HL), 09
0A73

HL, (4004)
H, 00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H, 00
HL,DE

BC, 0100
HL, BC

A, (HL)

03
NZ,0A56
HL, 400C
(HL) ,0A
0AT3

HL, (4002)
H, 00

HL, HL
HL , HL

HL, HL

DE, HL,

HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

04
NZ,0A75
HL, 400C
(HL), 0B
0AF0

HL, (4004)
H, 00

HL, HL

HL, HL

HL; HL

DE, HI,

HL, (4003)
H, 00 '
HL,DE
BC,0100

MO M MO M M W Ve U ME M M W WE U NI Ve VS M Ve e MO U VR M M U W W M M M M MO e ME WM M M MO WMo W W Ve Ve Ve Wl M ue W We WE we W M W e we

UALD
0A1D
0A1E
OA1K
0420
0A21
0A24
0A26
0A27
0A2A
0A2B
0A2C
0A2E
0A30
0A33
0A35
0A37
0A3A
0A3C
0A3D
0A3E
0A3F
0A40
0A43
0A45
0A46
0A49
0A4A
0A4B
0A4D
0A4F
0A52

-0A54

0A56
0A59
0A5B
0A5C
0A5D
0ASE
OA5SF
0A62
0A64
0A65
0A68
0AB9
0Aa6A
0ABC
OABE
0AT71
0A73
0AT75
0A78
0ATA
0ATB
0ATC
0ATD
OA7TE
0a81
0A83
0A84

£ZH00U
29

29

29

EB
240340
2600
19
010001
09

TE
FEO2
2007
210C40
3609
183C
2A0440
2600
29

29

29

EB
240340
2600
19
010001
09

1E
FEO3
2007
210C40
360A
181D
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

7E
FEO4
2007
210C40
360B
187B
2A0440
2600
29

29

29

EB
240340
2600
19
010001



]

D w O

LD
cp
JI
Lb
LD
JR

LD

LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD

LD

JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP .
JR
LD
LD
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
Jp
LD
LD
CALL
Jp
LD

daday T

A, (HL)

05
NZ,UA94
HL,400C
{HL),O0C
0AFO

HL, (4004)
H,00
HL,HL
HL,HL
HL,HL

DE, HL

HL, (4003)
H, 00
HL,DE
BC,0100
HL,BC

A, (HL)

06
NZ,0AB3
HL,400C
(HL), 0D
0AFO
HL, (4004)
H,00
HL,HL
HL,HL
HL,HL

DE, HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

07
NZ,OADZ
HL,400C
(HL),OFE
OAFO

HL, (4004)
H,00
HL,HL

HL, HL
HL,HL
DE,HL

HL, (4003)
H,00
HL,DE
BC,0100
HL,BC

A, (HL)

08
NZ,09F4
HL,400C
(HL),OF
OFAOQ

0519

HL, (4004)

rAa
UA8S
A89
UA8E
UA8D
0AS0
0A92
0A94
0Aa97

0A99 -,

0A%A
0ASB
0ASC
0A9D
0AAQ

0AA2.

0AA3
0AAS
0AAT

0AAS.

0AAA
0AAC

OAAF -

0AB1
0AB3

0AB6 -

0ABS8
0AB9
0ABA
0ABB
0ABC
OABF

0AC1 -

0AC2
0ACS
0ACB
0ACT
0ACS
0ACB
0ACE
0ADO

0AaD2 °

0ADS
0AD7
0ADS8
0ADY
0ADA
0ADB
OADE
CAEO
0AE1
OAE4
OAES
OAE®G
0AES8
OAEB
OAEE
0AFO
OAF3
OAFS6

TE
FEO5
2007
210C40
360C
185C
240440
2600
29

29

29

EB
240340
2600
19
010001
09

TR
FE06
2007
210C40
360D
183D
240440
2600
29

29

29

EB
2A0340
2600
19
010001
09

7B
FEOT
2007
210C40
360E
181E
240440
2600
29

29

29

EB
240340
2600
19
010001
09 :
7E
FEOS
C2F409
210C40
360F
CDAOOF
C31905
240440



BOB17

BOB4A

BOB6O

LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CPp
JP
LD
LD
JP
LD.
LD
ADD
ADD

" ADD

EX
LD
LD
ADD
LD
ADD
LD
CcP
JR
DI
LD
LD
LD
XOR
OUT
XOR
OUT
XOR
OUT
LD
LD
LD
LD
LD
CP
JR
LD
LD
LD
ADD
LD
LD
INC
JR
LD
OUT
EI
JR
PUSH

H,00

HL, HL
HL, HL
HL, HL
DE,HL

HL, (4003)

H,00 -
HL,DE
BC,0100
HL,BC

A, (HL)
06
NZ,086B
HL, 4009
(HL),02
08c4

HL, (4004)

H, 00

HL, HL
HL, HL
HL, HL
DE,HL

HL, (4003)

H, 00
HL,DE
BC,0100
HL,BC -
A, (HL)
OE
NZ,0AF3

(F2),A

HL, 4028
(HL) ,FF
HL, 4174
(HL), 00

08

NC, 0B60
L,A

H, 00
BC,4020
HL,BC
(HL), 01
HL,4174
(HL)
0B4A

A, {(4028)
(F4),A

0AF3
HL

HL, 400A

A,(4174)

ML M W W M W WETUS M LE WP We MO W WO WE M W VO W Ve WMe WP Ve W W W M M M WE ML W WO ME WY WS Ve Ve MO W W NE VM W M N M Me M W M Ve M M W s e

0AF9
OAFB
OAFC
OAFD
OAFE
OAFF
0BO2
0BO4
0BOS5
0BO8
0BO9
0BOA

‘0BOC

OBOF
0B12
0B14
0B17
0B1A
0B1C
OB1D
0B1E
OB1F
0B20
0B23
0B25
0B26
0B29
0BZ2A
0B2B
0B2D
OBZ2F
0B30
0B33
0B35
0B37
0B38
0B3A
0OB3B
0B3D
0B3E
0B40O
0B43
0B45
0B48
0B4A
0B4D
OB4F
0B51
0B52
0B54
0B57
0B58
0B5A
0B5D
0B5E
0B60
0B63
0B65
0B66
0B68

2600
29

29

29

EB
2A0340
2600
19
010001
09

TE
FEO6
C26B08
210940
3602
C3C408
2A0440
2600
29

29

29

EB
2A0340
2600
19
010001
09

7E
FECE
20C4
F3 -
210A40
3600
3600
AF
D3F0
AF
D3F1
AF
D3F2
212840
36FF
217441
3600
3AT441
FEO8
300F
6F
2600
012040
09
3601
217441
34
18EA
3A2840
D3F4
FB
188B
E5



PUSH DE ; 0B6S b5

PUSH BC ; OB6A C5
PUSH AF ; OB6B F5
LD HL, 7000 ; 0B6C 210070
LD (HL), 00 ; OB6F 3600
INC HL ; 0B71 23
LD - A, (HL) ; 0B72 7E
LD (401C),A ; 0B73 321C40
DEC HL : OB76 2B
LD (HL),02 ; 0B717 3602
INC HL i -~ OB79 23
LD A, (HL) ; 0B7A 7E
LD (401B);A ;- OB7B 321B40
DEC HL ' : OB7E 2B
LD (HL),04 - ; OB7F 3604
INC HL ; 0B81 .23
LD A, (HL) ; 0B82- TE
LD (401A),A ; 0B83 321A40
LD HL,4174 -~ ; 0B86 217441
LD (HL), 00 : 0B89 3600
BOBS8B LD A, (4174) ; 0B8B 3A7441
. CP 10 X OB8E FE10
JR NC, OBAC 3 0BSO 301A
LD L,A $ 0B92 6F
-~ LD H, 00 <~ = = OB93 T~ 2600
ADD HL, HL . 0B95 29
LD ~ DE,4154 ;  OB96 115441
ADD HL,DE 4 0B99 19
LD E, (HL) : 0BS9A 5E
INC HL ; 0B9B 23
LD D, (HL) : 0BSC- - 56
LD A,D $ 0B9D TA
OR E : 0BSE B3
JR Z,0BA6 Y OBYF 2805
DEC HL : 0BA1 2B
DEC DE ; 0BA2 1B
AR 2 (BEPOE ; 0BA3 73
INC HL : 0BA4 23
- - LD (HL),D -~ C O0BA5 — ~172
BOBA6 LD HL,4174 ; 0BA6 217441
INC (HL) ; OBA9 34
. JR 0BS8B ; OBAA 18DF
BOBAC LD HL, 400B : 0BAC 210B40
INC (HL) g OBAF 34
- LD -~ A, (HL) - ; 0BBO 7E
CP 3C . 0BB1 FE3C
JP NZ,0D7D ; 0BB3 C27DOD
LD (HL), 00 ; OBB6 3800
IN A, (FO) ; OBBS8 DBFO
LD (4024a),A ; OBBA 322A40
IN A, (FO) ; 0BBD DBFO
LD (402B),A : OBBF 322B40
IN A, (F1) ; 0BC2 DBF1
LD (402C),A ; 0BC4 322C40
IN A, (F1) .o 0BC7 - DBF1
LD (402D),A ; 0BC9Y 322D40
IN A, (F2) ; 0BCC DBF2
LD (402E),A ; 0BCE 322E40
IN A, (F2) : 0BD1 DBF2
LD (402F),A ; 0BD3 322F40




BOC17

BOC1C

iy ———

DEC HL ; 0BD6 2B

INC (HL) ; 0BD7 34

XOR A ; 0BDS8 AF

ouT (FO),A ; 0BDY D3F0

XOR A ; 0BDB AF

ouT (F1),A ; 0BDC D3F1

XOR A - ;- — OBDE ~ AF -

ouT (F2),A ; OBDF D3F2

LD HL, (402C) ;——~ OBE1 - 2A2C40 -- - -

EX DE,HL ; OBE4 EB

LD- -—HL, (402A)-—~ ;--—O0BES-——— 2A2A40- - - - -
ADD  HL,DE ; OBES8 19

EX —- DE,HL+~~— -3——0BE9 — -+ EB- = ~—m e n e o e
LD HL, (402E) ; OBEA 2A2E40

.ADD- « -HL,DE~ -~  «=wijw—~ OBED-- 19 - - . e
PUSH HL : OBEE E5

LD - - HLy(400A)~ :————0BEF-- -—2A0A40 —-- --

LD H,00 ; OBF2 2600

ADD —HLyHL-w- ————3——0BF4 ~ 29 - = —rmmr o o e
LD DE,417B 0 OBF5 117B41

ADD~--HL,DE T OBF 8- -~ o= 1 9re mom e s e et e
POP DE t OBF9 D1

LD -~(HL),E - ——; — OBFA o R s
INC HL : OBFB 23 N

LD -— —(HL)-, D ——=—m—3= ~ OBFC- T 2 = e -
LD HL, (400A) 7 OBFD 2A0A40

LD H,00-—~ - =4/ =l 0C00 2600 ——rmm—e - =
ADD HL,HL ; 0C02 29

LD -DE,417B A 0C03 117B41 -
ADD HL,DE ; 0C06 19

EX DE,HL - 3=~ 0C07 EB - ) -
LD HL,407A . 0co08 217A40

CALL--1520 O -IEEERIC N Holepdgls ® 4] - — ~ - -
JR C,0C17 2 0COE 3807

LD HL, 4007 $ 0C10 210740

LD (HL),08 : 0Cc13 3608 ,

JR 0C1C--- ;- 0Cl15 - 1805 R
LD HL, 4007 : 0C17 210740 B}

LD - (HL)-, 00 wm 3w OCLA == = 3600 == s s ir e
LD HL, (4199) ; ocic 2A9941

LD (417B),HL 3 OC1F = 227B41

LD HL, (4004) . 0Cc22 2A0A40

LD-- H,00 ; 0C25 2600

DEC L : 0c21 2D

ADD HL, HL ; 0Cc28 29 -

LD DE,417B . 0C29 117B41 '

ADD HL,DE ; ocac 19

PUSH HL ; 0C2D E5

LD HL, (400A) ; 0C2E 2A0A40

LD H,00 : 0C31 2600

ADD HL, HL — -~ -3;- 0C33 29 o~

ADD HL,DE ; 0C34 19

POP DE — = 0C35 D1 - N—
EX DE, HL ; 0C36 EB

CALL 1520 - : 0C37 CD2015

JR Cc,0C72 ; 0C3A 3836

LD HL, (400A) - 0c3c 2A0A40

LD H, 00 : 0C3F 2600

DEC L - 0C41 2D

ADD HL, HL ; 0C42 29

B N N A e LT, o e



BOG6D

BOC72

BOCT7C

BOC8S

BOCSA

LD
ADD
PUSH
LD
LD
ADD
ADD-
LD
INC
LD
EX. -

" ADD

POP-~
EX
CALL
LD
PUSH
LD
POP
CALL
JR- -
LD
LD
JR
LD
JR
LD
LD

" ADD -

LD
ADD
LD
CALL
JR
LD
LD
LD
LD
LD vz
LD
CALL
LD
LD
LD
XOR
CP
JR
LD
LD
ADD
INC

JR
PUSH
LD
LD

ADD
LD
ADD

LD

DE,417B
HL ,DE

HL

HL, (4004)
H,00
HL,HL
HL,DE

E, (HL)
HL -
D, (HL)
DE,HL -
HL,HL

RSV

DE— = - - .

DE, HL

" 152E

(419A) ,HL
HL—-- -
HL, (407A)
DE- -
1617

e C,0C6D

HL, 4199
(HL), 00
0c89
HL,419A--
oc7c

HL, (400A)
H, 00

HL, HL
DE,417B
HL,DE~
DE, 407C

1520 -

c,0C89
HL, 4199
(HL), 01
HL, (4199)
E, L
D,00 -
HL, 0D30
154E -
HL, 4174
(HL), 07
HL, (4174)
A.

L

C,0CE3
H,A

BC, 4020
HL,BC

DA

(HL)
NZ,0CD9
HL

HL, (4174)
H,00
HL,HL

DE, 4164
HL,DE.

E, (HL)

; 0C43

: 0C46

; oca7

; 0c48

; 0C4B

: 0C4D

; 0C4E -- -
; 0C4F

; - 0C50.-

; 0Cbh1

; -~ ~0C52

; 0C53
3= -0C54meems
; 0C55

j— 0CB56 = e

; 0C59

;- --0ChC~

; 0C5D

; — 0C860- ‘
5 0Cs61

; weem 0C6 4 -
; 0C66

;5 - 0C69 -~

\ 0C6B

;> - 0C6D— -
z 0CT70

;i - -0C72- -

; 0C75

] 0C77

H 0C78

¥ ocT7cC

¥ e 0CTR
y 0c82
. 0Cc84
3 0Cc87
; 0C89
;  0csc
" .0C8D -
; 0CS8F
’ 0C92-
i 0C95
; 0Cc98
; 0CSA
; 0C9D
s 0CYE
; OC9F.
; 0CAl
; 0CA2
; 0CA5
; 0CAS6 -
3 oCcA7
; 0CAS8
: 0CAA
; 0CAB
; OCAE
; 0CBO
; 0CB1
; 0CB4 . _
; 0CB5

-~ 1600 - -

217441 : 7

117B41

19

ES

2A0A40

2600

29

19 _—— - =
5E

23 - -
56

:--EB - A

29
) ) PR ——
EB
CD2E15. S
229441

E5 -

2ATA40

D]_ . . -
CD1715 _
3807. - .-
219941

3600 - . -
181¢C

219A41- - -
180A \

2A0A40 - - —
2600

29

117B41

19 N—
117C40

CD2015 -

3805 ' .
219941

3601

2A9941

5D

21300D Y
CD4E15 - - .X

3607

2AT441

AF -

BD

3842 ) -
67 .

. 012040

09

3C -
BE

202F

ES

2AT7441

2600

29 -

116441

19 . —_ :
5E



INC HL ; 0CB8 23
LD D, (HL) ; OCB7 56
LD A,D ; 0CB& TA
OR E ; 0CBY B3
POP HL ; 0CBA E1l
JR NZ,0CD9 ; 0CBB 201C
LD (HL),00 . ; OCBD 3600
LD HL, (4174) ; OCBF 2A7441
LD H,00 ; 0cc2 2600 ...
ADD HL', HL ; occ4 29
LD DE,419C . ; . 0CCh 119C41.._ .
PUSH HL ; occs E5
ADD _ HL,DE. ;. —.. 0CC9 19. . .
POP DE ; 0CCA D1
PUSH HL . ; 0CCB E5
LD HL,4154 ; occce 215441
ADD HL,DE..... e .3.— . 0CCF. 19, oo - .
POP DE ; 0CDO D1
- LD A, (DE) - ; - 0CD1l. 1A - —
LD (HL),A i 0CD2 77
- - INC _DE.... .« w3 0CD&.. - 13. - =
INC HL - ; 0CD4 23
LD . A,(DE) SN\ [ (0eBE «. 1A -~ ..
LD _ (HL),A 3 0CD6 77
- JR_ OD34oi —eee o} OCDT o m .- 185B_ -
BOCD9Y LD A, (4174) - ; 0CDh9 3A7441 ‘
ADD A,FF \ WO SZZ7R00 00 LN ¢ Oy .\ U
LD (4174),A , OCDE 327441
. JR NC, 0C9A v | SROCET 30B7
‘BOCES3 JR 0D34 3 OCE3 184F
LD HL,4174 ; . OCES5 217441
LD (HL), 00 ; OCES8 3600
BOCEA . ... LD.. ..A,(4174) . s ...OCEA . 3A7441 ..
CP 08 : OCED FEO8 '
JR NC,0D34. _ ; .. OCEF 3043
LD L,A ; OCF1 6F
LD H,00. - ; —-0CF2: .. 2600 - Y - --
LD BC, 4020 - O0CF4 012040
- ADD _ HL,BC . @ O0CET L4 o9 .. O L) .
LD - A, (HL) ; OCF8 1E
OR A P ;. OCF9 BIN /. -
JR NZ,0D29 : OCFA 202D
PUSH HL ; OCFC E5
LD HL, (4174) ; O0CFD 2AT7441
LD H,00 -3 - 0DOO . 2600
ADD HL,HL : 0D02 29
LD DE,4154 : 0D03 115441
ADD HL,DE ; 0D06 19
LD E, (HL) ;- . 0DO7 5E
INC HL ; 0D08 23
LD D,(HL) .. .- ;—_ ODO9 . 56 e e
LD A,D ; 0DOA 7A
OR E ; O0DOB. B3 .
POP HL : 0DOC. El1
JR NZ,0D29 ; 0DOD 201A
LD (HL),01 ; ODOF 3601
N LD HL, (4174) ; 0D11 2AT441
LD H,00 ; 0D14 2600
ADD HL, HL ; _ 0D16_ 29
LD DE, 41AC ; 0D17 11AC41

e o i Yo it s i 3w v i o

S e e b

e



BOD29

B0OD34

BOD39

BOD52

BOD57

BOD72

BOBTD

PUSH HL
ADD HL,DE
PoP LE
PUSH HL
LD HL, 4164
ADD HL,DE
POP DE
LD A, (DE)
LD __ (HL),A
INC DE
_INC HL__

LD A, (DE)
LD_ . (HL);A
LD HL,4174
INC (HL)

JR O0CEA
LD . (BC),A _
SUB L

INC cC. . .
PUSH HL

INC _ C___ _ .
LD HL,4174-

" LD . (HL),00
LD A, (4174)
Cp__ .. 08._ __ ..
JR NC, 0D52
LD __ L,A
LD H,00
LD  _ BC,4020
ADD HL,BC
LD C,A
CALL 150C

LD .. _(HL),A
LD HL, 4174

- _INC (HL)

JR 0D39

LD HL,4174
LD (HL), 00
LD _ A,(4174)
CP 08

JR NC,0D72
LD L,A

LD H,00

LD BC, 4020
ADD _ HL,BC

LD A, (4020)
OR (HL) _
LD (4020),A
LD HL,4174
INC (HL)

JR 0D57

LD A, (4020)
LD (4028),A
LD A, (4028)
ouT (F4),A
LD A, (4004A)
CP OF

-JR NZ,0DC3
LD HL, 0000
LD (408C),HL

; 0D1A
; 0D1B
; ODiC
; 0D1D
s OD1E
: 0D21
: 0D22
; 0D23
; ...0D24
; 0D25

; 0D26

; 0D27
;... 0D28 ..
; 0b29

; 0D2C. .

; 0D2D

; -0D2F. _
; 0D30

;. .0D31 ___
; 0D32"

; ....0D33
; 0D34
y.. 0OD37T..

N 0D39

;7 - 0D3C...
; OD3E
1...0D40. . _.
2 0D41

2 0D43
s 0D46

;. .. 0D47

; 0D48
: OD4B
$ 0Dh4C
z OD4F

— b

0D50
0D52
0D55

2 OODHYE Lar

7 0D5A
¢ 0D5C
; OD5E
; OD5SF
{ 0D61
; 0D64
3 0D65
; 0D68
s 0D69
; 0Db6C
; OD6F
s 0D70
o 0D72
; 0D75
; 0Db78
3 OD7B
; OD7TD
; ___0D80
; 0D82
p...0D84 |
; 0D87

E5
19

D1

E5

216441

19

D1

1A

77

13

23 o

1A

7. .
217441

34

18BB

02 .
95

- 0C

Eb5

0C . o .
217441

3600 -
3AT441

FEO8

3012

BF .- .. -
2600

012040

09
4F
CDOC15

77 Y -
217441
34

18E7
217441
3600
3AT441
FEO8
3014

6F

2600
012040
09
342040
B6
322040 |
217441
34

18ED
3A2040
322840
3A2840
D3F4
3A0A40
FEOF
203F
210000
228C40

[V




BODSF

BODAA

BODBB

BODC3

SODCY |

S0DD5

BODE1

BODF7

LD
LD
LD
CPp
JR
LD
LD
ADD
LD
ADD
LD
CALL
LD
INC
JR
LD
LD
CALL
JR
LD
LD
LD
LD
INC
LD
POP
POP
POP
POP
EI
RET
LD
CP
RET
LD
LD
RET
LD

CP

JR
LD
LD -~
LD
CP
JR
. LD
LD
LD
LD
CALL
CALL
JP
CALL
JR
CALL
JR
CALL
JR
CALL
JR

HL, 4174
(HL),01
A, (4174)
10

NC, 0DAA
L,A
H,00
HL, HL,
DE,417B
HL,DE

DE, 408C
1545
HL,4174
(HL)
ODSF

HL, 408C
DE, 408A
1520
NC,ODBB
HL, (408C)
(408A) ,HL
HL; 4004
(HL),00__
HL

(HL), 00

"AF

BC
DE-
HL

A, (4003)
08
NZ~
HL, 4003
(HL), 00

A, (4003)
08 .=
NZ,ODE1
HL, 4003
(HL), 00
A, (4005)
01
NZ,O0DF7
HL, (4006)
E,L

D,00

HL, OEB7
154E
1BCA
OEES5
1C3A

- ODF7

1CF6
ODF17
1D40
ODF7
1D69
ODF7

217441
3601
3A7441
FE10
3014
6F
2600
29
117B41
19
118C40
Cb4515
217441
34
18E5
218C40

118A40_ __

CD2015
3006
2A8C40
228A40
210440
3600
23
3600
F1 -
TR~

D1

El

FB

Cc9
340340
FEO8

(PN PR

Cco
210340
3600
co
3A0340

 FEO08

2005
210340
3600
3A0540
FEO1
200F
2A0640
5D
1600
21B70E
CD4E1l5
CDCA1B
C3E50E
Cb3alcC
18F8
CDF61C
18F3
CDh401D
18EE
CD691D
18E9



BOE1C

BOE27

LD C,01
PUSH BC

LD DE,404F
JR 0E27

LD c,01
PUSH BC

LD DE, 4050
INC o] )
JR 0E27
LD ¢c,0L -~
PUSH BC

‘LD T c,03 7
LD  DE,4052
JRTT OEAT
LD c,01
PUSH BC

LD C,04

LD DE, 4054
JR OEA7

LD ~ C¢,01 "~
PUSH BC

LD "7 ¢,05

LD DE, 4056
JR OEAT7 ~
LD Cc,01
PUSH BC ~

LD c,08
LD T . DE,4058
JR 0EAT

LD C,01
PUSH BC

LD L2l
LD DE, 405A
“JR T TTOEAT
LD °cC,o0t
PUSH BC

LD. c,08

LD  DE,405C
JR O0EA7
LD TTe;o0TTTTT
PUSH BC

LD DE, 405E
JR OE1lC

LD c,00
PUSH BC

‘LDT TC,027
LD DE, 4060
JR 0EA7

LD c,00
PUSH BC

LD c,03

LD DE, 4062
JR O0EA7

LD c,00
PUSH BC ,
LD C,04

LD DE, 4064
JR 0EAT

LD c,00
PUSH BC

=t —r———

i

; OEOE "0E01
; 0F10 C5

: OE11 114E40
; OE14 1811

; OE16 0EO1

; 0E18 C5

; OE19 115040
; 0E1C 0ocC

; OE1D 1808

;i OEIF 7~ O0EO1L

; 0E21 €5

; 0E22 0EO03

; 0E24 _ 115240
;.  0E27 T 187E

; 0E29 _ _ 0ROl

: OEZB c5

; OEz2C =~ OEO04
E 0E2E 115440
; OE31 1874

: 0E33 0EO1

; 0E35 C5

7 TOE3® T T 0EO5

;' _ OE38 115640
$ 0E3B 186A

3 OE3D ~ OEO1

: OE3F C5

i . OE40  OEO06

Z 0E42 115840
. 0E45 1860

. OE47 0EO1

sy < I JI\y GBS

y OE4A O0E07

pRAV PSS T\ RFETNR)

] OEAF 1856

) OE51 0EO1

; 0E53 C5

;  _OES54 QEO8
: 0E56 115C40
7 0E59 184C

3 OE5B 0E00

) 0E5D c5

: OES5E 115E40
: 0E61 18B9

3 0E63 0E0O

: 0E65 C5

; 0E66 0EO02

: OE68 116040
: OE6B 183A

; OE6D 0EOO

i OE6F C5

; 0E70 0E03

: 0E72 116240
; 0E75 1830

; OE717 0EO0O

: 0E79 C5

: OETA 0EO4

; OE7C 116440
; OETF 1826

; OE81 0E0O

: 0E83 c5 ~



BOEAT

ey g ORGP SR SNSRI P NUNIEU SN e WO

LD
LD
JR

ad

PUSH
LD
LD
JR
LD
PUSH
LD
LD ~
JR
LD
PUSH
LD
LD
CALL
JR
CALL
JR
CALL
JR
RLA
CALL
DEC
RST
DEC
INC
LD
LD
LD,
LD
LD
LD
LD
LD
LD
LD

LD
LD
LD
LD
LD
LD ~
LD

LD
INC
LD
OR
LD
OR
LD
XOR
ouT
LD
ouT
LD

C,00
DE, 4066
OEAT
C,00
BC
C,06
DE, 4068
OEAT7
c,00
BC,
c,07 :
DE, 406A
OEAT
c;00™ ~
BC
c,08
DE,406C
1D92 -
0EE5S
1E38
OEE5
1E61
0EES5S
P,FAOD. .
v/
38
C
B
c,09
C,O0E
C,16
C,1F
C,29
c,33
c,3D
C,47
C,51
C,5B
C,63
C,6D
C,17
c,81
C,8B
c,95
C,9F ™
C,AC
c,B1
C, 3A
BC
B,B
FO
HL, (4007)
L =
(41BE),A
A
(F5),A
A, (41BE)
(F6),A
DE, 4010

.
?
.
b
.
3
.
»
.
H
.
H
.
’
.
H
.
’
.
]
.
’
.
]
.
b
.
?
.
3
.
’
.
)
.
?
.
b
.
?
.
b
.
?
.
?
3
H
.
?
.
3
.
?
.
’
-
b
o
?
.
?
.
H
.
?
.
¥
.
)
.
?
.
?
.
¥
.
?
b
.
b
.
’
.
H
.
’
.
b
.
?
.
b
.
)
.
3
.
]
.
’
.
?
.
b
.
2
.
b
’
.
b
3
.
?
)

O0E84
0E86
0E8¢C
OE8B
OE8D
OE8E
0E90
0E93
0E95
OEST
0E98
O0ESA
0ESD

OESF

OEA1L
0EA2
CEA4
- T OEAT
OEAA

- OEAC

OEAF

_ 0EBI”

OEB4

3 T TOEB6 T
OEB7

OEBA
OEBB
0EBC
OEBD
OEBE
0ECO
0EC2
0EC4
0EC6
0EC8
OECA
0ECC
OECE
0EDO
0ED2
0ED4
OED6
OED8
0EDA
OEDC

“OEDE”

OEEO
OEE2
OEE4
OEE6
OEET

T TOEE8

OEEA

~ QEED- ~

OEEE
0EF1
OEF2
0EF4
OEF7
0EF9

VEQS
116640
181C
0E0O
Cc5
0EQ6
116840
1812
0EOO
Ccb
0EO7

116A40

1808
0E00
C5
0E08
116cCc40
CD921D
1839
CD381E
1834
CD611E
182F
17
F40DFA

7 0D

FF

“0D

04
0EOS
OEOQE
OE16
OE1F
0E29
0E33
0E3D
0E47
0E51
OE5B
0E63
OE6D
OET7
0OES81
OE8B
OES95
OE9F
OEAC
0EB1
OE3A
03

40
F6FO
2A0740
B5
32BE41
AF
D3F5
3ABE41
D3F6
111040



BOF27

BOF5F

BOF8A

BOFT7F

CPp

LD
ADD
LD
OUT
IN
LD
OR
LD
AND
LD
CP
JR
LD - --
INC
LD
CALL
CALL
Jp

LD
CALL
IN- ~
LD
LD~

LD
AND

-LD

LD
AND
LD
LD
AND
LD
Ok
JR
LD
OR
JR
LD
LD
JR
LD
OR
JR
LD
LD
LD
LD
CP
JR
LD
CALL
IN
LD
JR
LD
INC
CALL

hL, (4003)
H,00
HL, DE

. A, (HL)

(F5),A
A, (F6)
(41BF),A
CF
(41C0),A
FF -
(41C5),A
FF- - -
NZ,0F27
HL, 4003
(HL)
A,0A
1537
0DC9  ~
0DD5
A,0A -
1537

A7 (F6) -
(41C1),A
HL, (41BF)
L

"NZ,0F64

A,(41C0)
10 - -
(41C2),A
A, (41C0)
20

(41C3),A
A, (41C0)

89, Y{ o

(41C4),A
A

Z,0FBA
A,(41C2)"
A
NZ,OF5F
HL, 4004
(HL), 00
0FBA
A, (41C3)
A
NZ,O0F8A -
HL,4004
(HL),01
A,(41C8)
HL, (41C1)
L

NZ,OF7F
A,01
1537

A, (F6)
(41C6),A
OF6A
HL,4003
(HL)
0DC9

; QEFC 240340
; O0EFF 2600

; 0F01 19

: 0F02 7E

; 0F03 D3F5

; 0F05 DBF8

; 0F07 32BF41
; OF0A F6CF

; O0FOC 32C041
; OFOF E6FF

; 0F11 32C541
; OF14 FEFF™"
; OF186 200F

; OF18 210340
; OF1B 34

; OF1C 3EOA

; OF1E CD3715
7 T OF271 CDCIY0D
; OF24 C3D50D
; 0F27 ~° 3EQA

; 0F29 CD3715
7 TO0F2CTT "~ DBEET ¢ R
: OF2E 32C141
7 - 0F31 2ABF41
; 0F34 BD

; OR3 5= Y =203 3=
p OF37 . 3AC041
Y VBBALYST YEO 105
; 0F3C 32c241
; OF3F 3AC041T
3 OF42 E620

; T OF44 SR ZE RIS
: OF47 3AC041
;7 OF4A ~ T E630 ~
; OF4C 32C441
s OF4F B7

X OF50 2818

; OF52 3AC241
: OF55 B7

; - OF56 ' 2007

3 0F58 210440
; 0F5B 3600

: OF5D 180B

? OF5F 3AC341
; 0F62 B7

; OF63 2005
;  OF65 210440
; OF68 3601

: OFBA 3AC641
; OF6D 2AC141
; OF70 BD

; OF71 200C

; OF73 3E01

; OF75 CD3715
; OF78 DBF6

; OF7A 32C641
; OFTD 18EB

: OF7F 210340
: OF82 34

; OF83 CDCY0D




ool
SOF87 LD
LD
BOF8C LD
CPp
RET
LD
LD
LD
ADD
LD
LD
INC
JR
SOFAOQ LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD -
JR
LD
LD
JR
LD
LD
BOFCD JR
LD
LD
JR
LD
LD
JR
LD
LD
JR
LD
LD
JR
LD
LD
JR
LD
LD
JR
LD
LD
JR
LD
LD
JR
LD
LD
JR

HL,41CT
(HL), 00
A, 141CT)
08

NC
HL,4010
E,A

D, 00
HL,DE
(HL),D -
HL,41C7
(HL)

OF8C --
HL, 4008
(HL), 00
HL, 0000
(41509 ,HL
(4152),HL
HL, (400C)
E,L

D,00
HL,102B
154E --
HL, 4006

(HL),05 . -

0FCD
HL, 4006
(HL), 06
0FCD
HL, 4006
(HL), 07
104B
HL, 4006
(HL),08
104B
HL, 4006
(HL), 09
104B
HL, 4006
(HL), 0A
1048
HL, 4006
(HL), 0B
104B
HL, 4006
(HL), 0C
104B
HL, 4006
(HL), 0D
104B
HL, 4006
(HL) , OE
104B
HL, 40086
(HL), OF
104B
HE 4006
(HL), 10
104B

e i ]

vrobv LJ

0F87 21C741
0F8aA 3600
0F8C 3ACT41
OF8F FE08
0F91 DO
0F92 211040 .
OF95 5F .
0F986 1600
0F98 19 - —e—
0F99 72
OFSA - 21C741 s e
0F9D 34

- OF9E 18EC
OFAQ 210840
OFA3 3600
OFA5 210000

" OFAS8 225041 -
OFAB 225241
OFAE - 2A0C40
OFB1 5D
0OFB2 ~ -1600
OFB4 212B10
QFBY7 CD4El15  — ==~ -
OFBA 210640
OFBD- 4605 N\ T
OFBF 180cC
OFC1 210640
OFC4 3606
OFCS6 1805
0FC8 210640
OFCB 3607
OFCD 187C
OFCF 210640 - ~ i T
OFD2 3608
OFD4 1875
OFD6 210640
OFDY 3609
OFDB 186E
0FDD 210640 - -
OFEO 360A .
OFE2 1867
OFE4 210640
OFE7 360B
OFE9 1860
OFEB 210640
OFEE 360C
OFFO0 1859
0FF2 210640
OFF5 360D
OFF7 1852 ,
OFF9 210640 -
OFFC 360E
OFFE 184B - -
1000 210640
1003 360F
1005 1844
1007 210640
100a 3610
100C 183D



CODE

LABEL

81064

LD
JR

LD

LD

JR

LD

LD

JR

LD

LD

JR
DJINZ
RRCA —
POP
RRCA
RET
RRCA
RST

" RRCA

SUB

(HL),11
1048
HL, 4006

-(HL),12

104B .
HL, 4006
(HL),13
104B

HL, 4006
(HL), 14
104B
OFES

s e & b ——

BC
Z
08

OF

SOURCE CODE

RRCA
CALL
RRCA
JP
RRCA
NOP
DJNZ
DJNZ

. DJINZ

DJNZ
DJNZ
DJNZ
PUSH
DEC
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
Jp
LD
CP
JR
LD

PO,EBOF

P,F90F -

1049
1052
105B
1064
106D

1909%5.... . )

DE-

C

HL, (4004)
H,00

HL, HL

" HL, HL

HL, HL
DE,HL
HL, (4003)
H,00
HL,DE
DE, 0100
HL,DE
A, (HL) -
00
C,1286
A,02
(HL)
C,1064
HL, 4005

W W W W U Ve M M W M U M M W W We e M wae e

4 UL

1011
1013
1015
1018
101A
101C
101F-
1021
-—-~1023 ~
1026
1028
©102A
-- 102C
102D
-102E-
102F
~1030 -~
1031
1032~
.1033

- en e

LOC

1036
1037
1034
103B
103E
~~103F
1040
1042
1044
1046
1048
2\ 0
104C
104D
104E
1051
1053
1054
1055

- 1056

1057
1054a
105C
--105D
1060 -«
1061
1062
1064
1067
1069
106A
106C

& 4V Y
3611
1836
210640
3612
182F
210640
3613-
1828
--210640
3614
1821
10BA
OF- -
C1
OF
C8 .
OF - —~--
CF
OF-~—-
D60OF

OBJ-
OF
E40FEB
OF
F20FF9
OF

00 -
1007
100E
1015
101C
1023
10CD -
DL
0D
2A04490
2600
29

2 9‘..~ -

EB -
2A0340
2600

- 19

110001 - -
19

- TE -

FEQO
DABB12
3E02
BE -
38F8
210540

e am A



11098

CALL
LD
LD
ADD
ADD
ADD
EX

LD

LD
ADD
LD
ADD
LD
PUSH
LD
LD
ADD
LD
LD
LD
LD.
POP
CALL
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CPp
JR
LD
LD.
ADD
ADD
ADD
EX
LD
LD.
ADD
LD
ADD
LD
CP
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD

0F87

HL, (4004).
H,00
HL,HL

HL, HL

HL, HL

DE, HL

HL, (4003)
H,00
HL,DE
DE,0100.
HL,DE

E, (HL)—-
HL

HL, 0420
D, 00
HL,DE

A, (HL)
(4010),A
A,E

(41C9),A p

BC

0DD5
HL, (4004)
H,00
HL,HL
HL, HL.
HL,HL
DE, HL
HL, (4003)
H, 00
HL,DE
DE, 0100
HL,DE
A, (HL)
0B

Z,111A -
HL, (4004)
H,00
HL,HL
HL,HL
HL, HL
DE, HL
HL, (4003)
H,00
HL,DE
DE, 0100
HL,DE
A, (HL)
0C

Z;1133
HL, (4004)
H,00
HL, HL
HL,HL
HL, HL
DE, HL
HL, (4003)
H,00

MO M M ML U ML M M U Ve Me Ve W WE W W we Ve we ME W ME e we we we MO TS ML ML Mo M U W M M M W M Ve ML M U M W M W M W W W e e v wa we e e we o

WA a

1071 CL8TOF
1074 2A0440
L0777 2600
1079 29
107A 29
107B 29
107C - EB .
107D 2A0340
1080 2600
1082 19
1083 --110001
1086 19
1087-- 5E
1088 E5S
1089 212004
108C . 1600
108E-- - 19
108F 7E
1090 321040
1093 7B
1094. -~ .. .32C941
1097 C1 ‘
1098 CDD50D
109B 2A0440
109E . 2600
10A0 29
10A1 29
10A2 29
10A3 EB g
10A4 2A0340
10A7 2600
10A9 19 =
10AA - 110001
10AD 19
10AE 7E
10AF FEOB
10B1 2867
10B3 2A0440
10B6 2600
10B8 29
10B9 29
10BA 29
10BB EB
10BC 2A0340
10BF 2600
10C1 19
.10C2 110001
10C5 19
10C6" 7E
10C7 FEOC
10C9 2868
10CB 2A0440
10CE- 2600
10D0O 29
10D1 29
10D2 29
10D3 EB
10D4" 2A0340
10D7

2600



ADD
LD
ADD
LD
CP
JR
PUSH
LD
CP
POP
JR
.LD
LD
PUSH
LD
LD
LD
ADD _
LD
‘LD
LD
LD
POP
B1101 . CALL
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CPp
Bllla JP
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
B1133 " JR
LD
LD
ADD
ADD
ADD

LD
LD

HL,DE
DE, 0100
HL,DE
A, (HL)
00’
c,1098
AF
A,09

(HL)
DE_ _
~C,1098
A, (4010)
(4011),A
HL
HL, 0420
E,D
D, 00
HL,DE
A, (HL)
(4010) ,A
A,E
(41C8),A
BC
ODDS _ __
HL, (4004)
H,00 _
HL, HL
HL, HL
HL, HL
DE, HL
HL, (4003)
H,00 '
HL,DE
DE, 0100
HL,DE
A, (HL)

0B

Z,14F2
HL, (4004)
H,00
HL, HL
HL, HL
HL, HL
DE, HL

HL, (4003)

H,00
HL,DE
DE, 0100
HL,DE
A, (HL)

0cC
22,1190
* HL, (4004)

H, 00
HL, HL
HL,HL
HL, HL

DE, HL

HL, (4003)
H, 00

10D9 19

; 10DaA 110001
; 10DD 19

; 10DE 7E

; 10DF FEO0O

; _ 10E1 38B5

; 10E3 F5

; __ 10E4 _ 3E09

; 10E8 BE

;. 10E7 D1_

; 10E8 38AE
;.. 10EA. ___ 3A1040 _.
; 10ED 321140
; .. 10F0 E5

; 10F1 212004
;. . 10F4 5A

; 10F5 1600

; 10F7 .19

; 10F8 TR

7 10F9___ 321040
; 10FC 7B

;. 10FD . - '32¢841
: 1100 Cc1

; __1101__ ., ~CDD50D
; 1104 240440
/ARRNN: ) 2600

; 1109 29

; 110A 29

; 110B 29

, 110C EB )
; 110D " 2A0340
; 1110 2600

: 1112 ° 19 y.
TSN B0 T 110001
] 1116 19

y .o 1117 7E

; 1118 FEOB

;0 L 111A "CAF214
: 111D T 2A0440
- 1120 2600

h 1122 29

; 1123 29

; 1124 29

; 1125 _EB

; 1126 2A0340
; 1129 2600

; 112B 19

; 112C 110001
; 112F 19

; 1130 TE

; 1131 FEOC
;1133 _ 285B

; 1135 240440
; 1138 2600

; 113a 29

;  113B 29

; 113C 29

; 113D EB
; 113E 2A0340
; 1141 2600



B115F

B1190

ADD
LD
ADD
LD
CP
JR
LD
LD

. LD

LD
LD
LD .-
CALL
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD

‘LD

ADD
LD
Cp
JR
LD
LD-
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CPp
JR
PUSH
LD
CP
POP
JR

HL,DE
DE, 0100
HL,DE

A, (HL)
0A
NZ,1101
A,(4011)
(4012),A
A, (4010)
(4011),A

A, (0424) .

(4010),A
0DD5

HL, (4004)

H, 00

HL,HL

HL, HL

HL, HL

DE, HL

HL, (4003)

H, 00

HL,DE

DE, 0100

HL,DE

A, (HL)

0B
Z,111A

HL, (4004)

H,00

HL, HL

HL, HL

HL, HL

DE, HL

HL, (4003)

H, 00

HL,DE

DE, 0100

HL,DE

‘A, (HL)

0C
Z2,1205
HL, (4004)
H,00
HL, HL
HL,HL
HL, HL
DE, HL
HL, (4003)
H,00
HL,DE
DE, 0100
HL,DE
A, (HL)
00
C,115F
AF
A,08
(HL)
DE
C,115F

Ve M WM W W Me M W M W WS M M N M MY MO M WMe ME WP M MY WS W WMe Ve M WP W W We M Me WP W MO W M U W W WY WM We MY W ME W We M M we Ve v Ve W we wa

1143
1144
1147
1148
1149
114B
114D
1150
1153
1156
1159
115C
115F
1162
1165
1167
1168
1169
116A
116B
116E
1170
1171
1174
1175
1176
1178
1174
117D
117F
1180

1181

1182
1183
1186
1188
1189
118C
118D

. 118E

1190
1192
1195
1197
1198
1199
119A
1198
119E
11A0
11a1
11A4
11A5
1146
1148
11AA
11AB
11AD
11AE

11AF

19
110001
19

TE
FEOA
20B4
3A1140
321240
3A1040
321140
3A2A04
321040
CDD50D
2A0440
2600
29

29

29

EB
2A0340
2600
19
110001
19

7E
FEOB
28A0
2A0440
2600
29

29

29

EB
2A0340
2600
19
110001
19

7E
FEOC
2873
2A0440
2600
29

29

29

EB
240340

. 2600

19

110001

19
TE
FEQGO
38B5
F5
3EO06
BE"
D1
38AE



LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD

" ADD

LD
LD
CALL
LD

LD
ADD
ADD
ADD
JEX 7T
LD
LD
ADD
LD
ADD
LD
CP -
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CcP
JR .
CALL
Jp ~
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
PUSH

A, (HL)
(4010),A
0DD5

HL, (4004)
H,00 )
HL, HL

HL,HL

HL,HL
DE,HL™
HL, (4003)
H,00 )
HL,DE
DE, 0100
HL,DE
A, (HL) ~
0B
Z,11EB
HL, (4004)
H, 00
HL, HL
HL, HL
HL,HL
DE,HL
HL, (4003)
H,00
HL,DE
DE, 0100
HL,DE
A, (HL)
ocC
NZ,120B
or817
104B ~
HL, (4004)
H,00
HL,HL
HL,HL
HL,HL
DE, HL
HL, (4003)
H,00
HL,DE
DE, 0100
HL,DE
A, (HL)
00
C,11D2
AF

.

P e Me We I M Me M W U M UE VM W M M M WD M W WM W VO W WE W W W W Me M W M we W L e v U

WO M W Ve M W W WM We Me W ME U ME WA W WM Ve W We wae

11B1
11B2
11B5
11B8
11BB
. 11BE
11C1
11C4
11C7
11CA
11CB
11CD
11CE
11CF
11D2
11D5

7 11Dp8

11Da
11DB
11DC
11DD
11DE
11E1
11E3
11E4
11E7
11E8
11E9
11EB
11ED
11F0
11F2
11F3

11F4

L EG

11F6
11F9
11FB
11FC
11FF
1200
1201
1203
1205
1208
120B
120E
1210
1211
1212
1213
1214
1217
1219
121A
121D
121E
121F
1221

~

s
12238

TA

32CB41
3A1240
321340

3A1140

321240
3A1040
321140
212004
5A
1600
19

TE
321040
CDD50D
240440
2600
29

29

29

EB
240340
2600
19
110001
19

7E
FEOB
28FE
2A0440
2600
29

29

29

EB
2A0340
2600
19
110001
19

7E
FEOC
2006
CD870F
C34B10
240440
2600
29

29

29

EB
2A0340
2600
19
110001
19

TE
FEOO
38AF

F5

.

Qw0 o o o Q

o o Q0

"



B1251

B1286

LD
CPp
pPOP
JR
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
ADD

LD ~

LD
CALL
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CP
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD
LD
ADD
LD
CcP
JR
JR
LD
LD
ADD
ADD
ADD
EX
LD
LD
ADD

. LD

A,(4011)
(4012),A

A, (4010)
(4011),A

HL, 0420

E,D

D,00" ~

HL,DE

AT (HL)
(4010),A
0DD5™ ~

HL, (4004)

H,00

HL,HL

HL, HL

HL, HL

DE, HL

HL, (4003)

H,00

HL,DE

DE, 0100

HL,DE

A, (HL)

0C
Z2,1205

HL, (4004)

H,00

HL, HL

HL, HL

HL,HL

DE,HL

HL, (4003)

H,00

HL,DE

DE, 0100 -

HL,DE

A, (HL)
0B
Z,12A2
1251

HL, (4004)

H,00

HL, HL

HL,HL

HL, HL

DE, HL

HL, (4003)

H, 00
HL,DE

DE, 0100

1224
1226
1227
1228
1224
122B
122E
1231
1234
1237
123A
123D
1240
1243
1246
1249
124A
124C

124D

124F
1251
1254
1257
1259
125A
1258
125C
125D
1260
1262
1263
1266
1267
1268
1264
126C
126F

1271 -

1272
1273
1274
1275
1278
1274
1278
127E
127F
1280
1282
1284
1286
1289
128B
128C
128D
128E
128F
1292
1294
1295

3E09
RE

Dl
38A8
TA
32Ca41
3A1340
321440
3A1240
321340
3A1140
321240
3A1040
321140
212004
5A
1600
19

TE
321040
CDD50D

. 2A0440

2600
29

25

29

EB
2A0340
2600

f L2

110001
19

TE
FEOC
2899
240440
2600
29 -

29

29,

EB
240340
2600
19
110001
19

7E
FEOB
281E
18CB
2A0440
2600
29

29

29

EB
2A0340

- 2600

19
110001



B12a2

B12A7

B12C7

ADD
LD
cP
JP
JP
LD
LD
LD
CP
JR
LD
LD
LD
ADD
LD
AND
LD
LD
ADD
LD
AND
LD
LD
INC

" JR

LD
ADD
ADD
ADD
ADD
LD
PUSH
LD
ADD
ADD
ADD
ADD
LD
LD
LD
LD
CALL
EX
LD
LD’
ADD
POP
LD.
LD
PUSH
CALL
EX
LD
LD
ADD
LD
CALL
POP
ADD
LD

HL,DE
A, (HL)
0B
Z,14F2
104B
HL,41CC
(HL), 00
A, (41CC)
02
NC, 12C7
HL,41C8
E,A
D,00
HL,DE
A, (HL)
OF
(HL), A
HL,41CA
HL,DE
A, (HL)
OF
(HL), A
HL, 41CC
(HL)
1247
A, (41C9)
A,A

[+ TSRV
= 3

H—~p e p>~p e

DE,HL

HL, (41CA)
H,a

HL,DE

DE

E,D

D,A

HL.

14FA
DE,HL

HL, (41C8)’

H,A

HL,DE
DE,003C
14F8

DE

HL,DE
(41CE),HL

MM MY M T M Ml e W me M M M we W W L U Ve M ME U M LS M W WY U M W M W WE WE W WS W ME W WE W W M W Ve we We WE Me M Ve we M W Ve el W e we e

1298
1299
1294
129C
129F
12A2
12A5
12A7
12AA
12AC
12AE
12B1
12B2
12B4
12B5
12B6
12B8
12BS
12BC
12BD
12BE
12C0
12C1
12C4
12C5
12C7
12CA
12CB
12CC
12CD
12CE
12D1
12D2
12D5
12D6
12D7
12D8
12DS
12DC
12DD
12DF

12E2°

12E5
12E6
12E9
12EA
12EB
12EC
12ED
12EE
12EF
12F2
12F3
12F6
12F7
12F8
12FB
12FE
12FF
1300

19
7E
FEOB
CAF214
C34B10
21CC41
3600
3ACC41
FE02
3019
210841
5F
1600
19

7E
E6OF
77
21CA41
19

7E
E60F
77
21CC41
34
18E0
3AC941
87

87

87

87
32C941
F5
3ACB41
87

87

87

87
32CB41
5F
1600
210A00
CDF814
EB
2ACA41
67

19

D1

5A

57

E5
CDFA14
EB
24C841
67

19
113C00
CDF314
D1

18
22CE41



B1393

’.JD
Lh
LD
LD
CALL
LD
LD
OR
LD
LD
LD
OR
LD
LD
LD
. JR
LD
LD
OR
LD
LD
LD
OR
LD
LD
LD
JR
LD
LD
OR
LD
LD
LD
OR
LD
LD
LD
JR
LD
LD
OR
LD
LD
LD
CR
LD
LD
LD
JR
LD
LD
OR
LD
LD
LD
OR
LD
LD
LD
JR

HL, (300C)
E,L

DA

HL, 14BF
154E

A, (41CA)

HL, (41CB)
L .
(404E),A
A,(41C8)
HL, (41C8)
L

(404F),A"

HL, 40086
(HL), 05
1393

A, (41CA).
HL, (41CB)
L
(4050),A
A,(41C8)
HL, (41C9)
L
(4051),A
HL, 4006
(HL), 06
13AE

A, (41CA)
HL, (41CB)
B
(4052),A
A, (41C8)
HL, (41C9)
=
(4053),A
HL, 4006
(HL),07
13¢9

A, (41CA)
HL, (41CB)
L
(4054),A
A, (41C8)
HL, (41C9)
L
(4053),A
HL,4006
(HL),08
13E4

A, (41CA)
HL, (41CB)
L
(4058),A
A,(41C8)
HL, (41C9)

L
(4057),A
HL,4006
(HL), 09
13FF
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- 3

1303

. 13066

t

1307
1308
1308
130E
1311
1314
1315
1318
131B
131E
131F
1322
1325
1327
1329
132C
132F
1330
1333
1336
1339
133A
133D
1340
13472
1344
1347
134A
134B
134E
R
1354
1365
1358
1356B
135D

"“135F

1362
1365
1366
1369
136C
136F
1370
1373
1376
1378
137A
137D
1380
1381
1384
1387
138A
138B
138E
1391
1393

2a40C40
5D

57
21BF14
CD4E15
3ACA41
2ACB41
B3
324E40
3AC841
2AC941
B5
324F40
210640
3605
186A
3ACA41
2ACB41
B5
325040
3AC841
2AC3941
B5
325140
210640
3606
186A
3ACA41
2ACR41
B5
325240
3AC841
2AC941
B5
325340
210640
3607
186A
3ACA41l
2ACB41
B5
325440
3AC841
2AC941
B5
325540
210640
3608
1864A
3ACA41
2ACB41
B5
325640
3AC841
2AC941
B5
325740
210640
3609
186A



LD A, (41CA) ; 1395 3aCAd1
LD HL, (41CB) ; 1398 2ACB41
OR L ; 1398 B5
LD (4058),A ; 139C 325840
LD A,(41C8) : 139F 3AC841
LD HL, (41C9) ; 13A2 2AC941
OR L ; 13A5 B5
LD (4059),A ; 13A6 325940
LD HL,4006- -  —p --13A9.-- 210640 - et -
_ © LD (HL),0A ; 13AC 360A ‘
B13AE JR - 141A - 3 - 13AE - 186A
LD A, (41CA) ; 13BO 3ACA41
- -~ ~- LD — HL,(41CB)—— -;-—13B3 - - 2ACB41 - -
OR L ; 13B6 B5
LD —(405A),A ; 13B7 325A40 -
LD A, (41C8) ; 13BA 3AC841
LD HL, (41C9) : - 13BD - 2AC941
OR L ; 13C0 B5
LD (405B),A ; 13C1 325B40
LD HL, 4006 ; 13C4 210640
LD - (HL),O0B : 13C7- ~ 360B - o
B13C9 JR 1435 3 ey 13C9 186A -
LD A, (41CA) N\ 1368 3ACA41 -
LD HL, (41CB) : 13CE 2ACB41
OR 7 1 3 13D1 B5
LD (405C),A X%, TBRR 325C40
LD A, (41C8) , 13D5 3AC841
LD HL, (41C9) s 13D8 2AC941
OR L ; 13DB B5
LD (405D),A ; 13D€C 325D40
LD HL, 4006 : 13DF 210640 - -
LD’ (HL),0C ] 13E2 360C .
B13E4 JR: 1450 ; ; 13E4 LAR B 20 -yo.-| |- — - -
LD A, (41CA) ) 13E6 3ACA41 :
LD HL, (41CB) : 13E9 2ACB41
OR L s 13EC B5
LD (405E), A : 13ED 323E40 .
LD A, (41C8) ) 13F0 3AC841
- 4 ee— = LD == HL, (41C9)~ -; .- 13F8-— ~2AC341 .- .. . - -
. . OR I\ ¢ ' § 13F6 B5 -
LD . (405F),A % 13F7 325F40
LD HL, 4006 ; 13FA 210840
- LD - (HL),O0D ) 13FD 360D i '
B13FF JR 146B : 13FF 186A
: —~ LD -~ A,(41CA) ~ - 1401 3ACA4Lae e .
LD  HL, (41CB) ; 1404 2ACB41
“ OR™ L- - - 1407 —B5 . .
LD (4060),A ; 1408 326040
LD - A,(41C8) ; 140B 3AC841
LD HL, (41C9) ; 140E 2AC941
OR L ; 1411 B5 . .
LD (4061),A ; 1412 ° 326140
LD HL, 4006 - 1415 210640 -
LD (HL),OE ; 1418 360E
B141A - JR 1486 -  141A 186A
LD A, (41CA) ; 141C 3ACA41L
LD HL, (41CB) ; 141F 2ACB41
OR L ; 1422 B5
LD (4062),A - 3 1423~ 326240
LD A, (41C8) ; 1426 3AC841
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{(40Co) A
ML L4008
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L
(4065) ,A

“1IL , 4006

(HL) ,10
14BC
A, {(41CA)

" HL, (41CB)

L
(4066) ,A
A,(41C8)
L, (41C9)
L
(40667) ,A
HL ,40086,
(HL) ,11
14DF
A,(41CA)
HL ; (41CB)
T
(4068) ,A
A,(41C8)
HL,(41C9)
L
(4069) ,A
HL , 4006
(JENKY 2
14DF

A, (41CA)
HL, (41CB)
L
(406A) ,A
A,(41C8)
HL, (41C9)
L
(406B) ,A

HL,4006

(HL),13
14DF

A, (41CA)
HL, (41CB)
L
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A, (41C8)
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HL,4006
(HL) , 14
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149F
14A1
14A3
14A6
14A9
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SACB41
B5
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210640
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B14DF

B14F2

S14r8
S14FA

B14FF

S 14DT
Lonws  1alC
1S oL
ADD HL ,HL
INC DE
LD B,H
INC DE
LD E,A
INC DE
. LD _ _A.D
INC DE
SUB L.
INC DE
OR____ B
INC DE
__RL_. _E
AND 13
. LD___._BC,1C14
INC D
SCE____..
INC D
.. LD____D,D
INC D
Lp _ .L,L
INC D
. ADC ... A,B
INC D
AND E
INC D
LD HL, {(400C)
LD 1,00
ADD HIHL 7] o
LD DE,419C
ADD Br /DE
PUSII HL
LD HL, (41CE)
PCP DE
EX DE ,HL
LD (HL) ,E
e INC.__HL. r
LD (HL) ,D
LD HL,4005
LD (HL),01
RET
LD B,H
_LD_ . C,L .
LD IL,0000
LD A,10
ADD HL ,HL
EX DE,HL .
ADD HL ,HL
. EX DE,HL
JP NC, 1507
ADD HL ,BC
DEC A
JP NZ , 14FF
RET
LD A, (HL)
INC C
DEC C
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LD
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LD
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«515C3

COLL

LABEL

B13F9.

Bi1601

B1616

hviLa i

LD lL,4010
LD LA

L . D,00

ADD IIL ,DE

LD (HL) ,D

LD HL,41DF
INC (uL)

JR 15AF

LD HL,-1008
LD (HL) ,00
LD HL,0000
LD (4130) ,HL
LD (4152) 1L
LD HL, (4009)
LD E.L

LD D,00

LD HL,15F3.
CALL 154E

LD HL ,4006
LD (HLY) , @3
JR 15F9

LD HL, 4000
LD (HL) ,04
JR 15F9

LD HL,4006
LD &g Sl i
gn 15F9

INC BC

i b A ot o e e

SCURCE CODE

DEC D

CALL PO ,EB153
DEC D

CALL 0QDD5

LD HL,=1EE
LD (HL) ,00
LD A,{41EE)
CFP 0A

JR NC,1616
LD HL ,41E4
LD E.A

LD D,00
ADD HL,DE
LD (HL).,D
LD HL,41EE
INC (EL)

JR 1601

LD HL,41E2
LD (HL) , 00
DEC L

DEC IIL

L (IIL) ,07
NG L

LD (BL),00

1304
1585
15B8
15B9
15EBB
15BC
158D
15C0
15C1
15C3
15C6
15C8
15CB
15CE
15D1
15D4
1805
15D7
15DA
15DD
15E0
15E2
15E4
15E7
15E9
15EB
1 5EE
15F0
15F2

LOC

15F4
15T5
15F8
15F9
13FC
15FF
1601
1604
1606
1608
160F
160C
1GOE
160F
1610
1613
1614
1616
1619
161B
161C
161D
1G1F

b I a W)
FIRCNORN

G
211040
oF
1600
19

-
L~

21DF41
34
18EC
210840
3600
210000
225041
225241
2A0940
5D
1600
21F315
CD4E15
210640
3603
1815
210640
3604
1808
210640
3616
1897
03

OBJ

15
E415EB
15
CDD50OD
21EE41
3600
3AEE4 1
FEQA
300E
21E441
3F
1660
19

7
21EE41
34
18EB.
21E241
3600
2B

SN
-

3607
23

3600



.y IR 3 5o o

1 ThLy .09 , s uDa 306D
e YU , ol v
L i, el , P onD Ll
ADD HL ,IL ; 162 29
ADD HL,iiL ; 162C 29
ADD HL,HL ; 162D 29
EX DE ,EL : 162E- EB
LD HL, (4003) : 162F 2A0340
LD 1,00 ; 1632 2600
ADD HL ,DE ; 1634 19
LD DE, 0100 ; 1635 110001
ADD HL,DE . ; 1638 19
LD A, (HL) : 1639 TE
CF oA : 163A FEOA
JR NZ,1632 . 163C 2014
LD IL,40053 ; 163E 210540
LD (HL) , 00 : 1641 3600
CALL  13AA : 1648 CDAALS
‘LD HL,4010 : 1646 211040
LD (HL) , 80 ; 1649 3680
LD HL ,41E1 ; 164D 21E141
LD (HL) ,01 : 164E 3601
JR 16BF ; 1650 186D
B1652 . LD HL,(4004) ; 1652 2A0140
LD 3,00 : 1655 2600
ADD HL ,HL : 1657 29
ADD HL ,BL : 1658 29
ADD L ,HL : 1639 29
EX DE ,HL ; 1654 EB
LD - HL,{(4003) ; 1633 2A0340
LD H,00 ; 1G5E 2600
ADD HL ,DE C 1660 19
LD DE,0100 : 1661 110001
ADD g1 : 1564 19
LD A, (HL) ; 1663 7E
W, ot ; 153 0 e
JR ~ C,16A3 ; 1668 3839
FUSH AF p 166A F5
LD A,09 : 16GE 3R09
CP (L) oy 166D BE
POP DE : 166GE L1l
JR C,18A3 ; 166F 8832
F'USH  HL ; b 9 E5
LD HL,1005 ; 1672 210540
LD (L), 00 : 675 3660
LD "A,D ; 1677 7A
LD (41ED) ,A : 1678 32ED41
CAL 15AA : 167E GDAALS
ropr BC : 165E cl
LD HL,(4004) ; 167F 2A0440
LD 1,00 : 1682 2600
LD HL ,HL ; 1684 29
ADD HL ,HL ; 1685 - 29
ADD HL ,HL s 1686 29
EX DE ,HL : 1687 EB
LD EL,(4003) ; 1688 2A0340
LD H,00 ; 1688 2600

ADD HL ,DE ; 168D i9



B16A3

B16BC
B1GBF
B16C3

BI1G6CA

B16FB

LD

ADD
ADD
ADD

LD
LD
ADD
LD
ADD
LD
CP
JP
JP
LD
INC
LD
Cr
JR
CALL
LD
LD
ADD
ADD

ADD

el
Lesy

T
L

LD
ADD
LD
ALD

1
jv

CPp

JR -
LD

LD’
ALD
ADD
ADD

LD
LD
ADD
LD
ADD
LD
CP

JP

HL,(4004)

H,00

HL ,HL
IL,HL

HL ,HL

DE ,HL

HL,(4003)
0,00

HL ,DE
DE,0100

HL ,DE

A, (HL)

0B
Z,18E8
15F9

HL ,41E°
(HL)

A, {41E2)
08

NZ,1700
0LD5S

HL, {4004)

H,00

HL L

£ L2

HL ,HL

Troyry
tods y 228

HL, {4003)
H,00

IIL ,DE
DE,0100
IiL ,DE
A, (HL)

GC

Z,1733
HL,{(4004)
H,00
FL,BL

HL ,IIL

HL ,HL
DE,IIL

HL, (40C3)
H,00
HL ,DE
DE,0100
iiL ,DE
A, (HL)

UB
Z2,1809

MEGRS
1
T

"o
v

P B

PV
1698
1699
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169D
16A0
16a1
16A3
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16A8
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16B2
16B5

16B6
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16B9
16BC
16BF
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1602
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16D&6
16D9
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16DC
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16E8
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1GEE
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16FB
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19

TE
321040
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2600
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2600
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2600
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FEOB
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ADD
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EX
LD
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JR

T
CALL

JR
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LD
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JR
LD
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LD
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INC
SUD
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L,DE
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16BC
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H,00
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IL,BL
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P o
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DE,0109
HL DL
. » \AIL)
u).'\
NZ,178A
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A
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fu——
~1
(&)

[ows
LI I IEN RS EES EER RS BES BES BES IES |
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JDDACD
200440
%9

29

oB
2A0340
2600
19
110001
19

TE
FEOD
28E0
20440
2600
29

29

29

EB
2A0340
2600
19
110001
19

TE
FEQGC
2005
CDAALS
i884
2A0440
2600
29

29

29

&b
2A0340
2600
19
1100@1
19

7E
FE0A
203A
SAEL141
FEQ1
28A9
21iE141
3601
21EF41
3600
2AEF41
3AEZd]
3D :
BD
381C
58
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O
hote iy , ITTE Vo
ADD L ,no , 1TTT 19
PUsil L : 1778 E5
LD HL,4010 ; 1779 £11040
INC E : 177¢C 1C
ADD HL ,DE o 177D 19
POP DE ; 177E D1
LD A, (DE) ; 177F 1A
LD (HL) ,A : 1780 T
LD HL ,4 I'EF ; 1781 21EF41
INC (uL) : 1784 34
JR NZ, 1761 : 1785 20DA
D1787 JP 16BF ] : 1787 C3BF16
B178A ., LD HL, (40041) ; 178A 220440
LD n,00 : 178D 2600
ADD HL,OL : 178F 29
ADD HL ,HL : 1790 29
ADD HL ,HL - oL 1791 29
EX DE ,lL ; 1792 EB
LD HL,(4003) ) 1793 2A0340
"LD H,00 : 1796 2600
ADD EL ,DE ; 1798 19
LD DE,Q106 : 1799 119001
ADD HL ,DE : 176C 19
L A LAFRD : 179D TE
CP_~ 00 : YiOE FEROO
JR €,1802 : 17AD 386U
LD A,09 : @ & 3509
CP {IiL) ) 17A4 BE
JR C,i862 ; 17A53 385B
LD IiL,41F1 A 17AT 21F 141
LD (L) ,00 ; e 3600
LiTAC LD HL, (41F1) ; 17AC CAF 141
W g} SaliNE " ) p Vit gD D
EC A ; 1782 3D
CP L ; 17B3 BD
JR c,1%D2 : 17B4 381C"
INC A : 1786 3C
SUB L ; 17BET 95
LD (LTS §ed ; 17B8 3°F241
LD HLySel0 : 1L 211040
LD C.A ; L LBP ST
LD D,00 : 17BF 1600
DEC E : 17C1 1D
ADD HL ,DE ; 17¢2 . 19
FUSH HL ; 17C3 E3
LD HL ,406106 ; 17C4 211040
NC E ; 17C7 1c
ADD 1L ,DE . 17C8 19
FOP DE : 17C9 D1
LD A, (DE) ; 17CA 1A
LD (HL) ,A ; 17CB T
LD L ,41F1 : 17¢CC 21F L4
INC (1iL) ; 17CF 34
JR NZ,17aC , 17D0 20DA
B17D2 LD KL, (1004) ; 1702 2AG440



St sk 4 ki ) PR Y] -

L Ll iiu , LTuo -
T Lo , LT oo
LD L, (1003) © T1TDE 2A0240
LD T, 00 ; 17hC D660
ADD IL,DE : 17EQ 19
LD DE,0100 : 170 110001
ADD L ,DE : 17E4 I9
LD DL ,<1E4 . 17E5 115441
FUSH HL ; }TES E5
LD HL, (41E3) : 17E9 2AES341
LD H,00 ; 17EC 2600
ADD L ,DE . 17LE 19
POF DE ; 17EF D1
LD AL (DE) : 1770 1A
LD (HL) A : 17F1 nin
LD L ,41E0 , 17F2 21E241
INC (HL) ; 17F5 34
1NC HL , 17F6 25
DEC (HL) : 17F7 35
LD A,(41E1) ; 17F8 3AE1411
OR 3 : 17TB BY
JR NZ,1802 i 17FC 2004,
LD . HEL,+1E® ; 17FE 21E041
DEC (LEL) : 1801 35 \
B1802 JP 16C3 ; 1802 C3C3186
B1£05 LD AL, (009) B\ A8 I 240040
LD £ .= 3 1508 5D
LD D,o0 ; 1809 1600
LD HL,18E0 : 180B 21EQ1S8
LICAL L) sk ; 180E CD4E15
LD BC,4044 : 1811 014440
PUSIH BC ; 1814 c5
LB BCAMR TS , 1815 017040
LD DE ,41D0 : 1818 11D041
L W= T - ; 4 oo AN 3
LD BC,41D0 , I81E G1D&41
PUSH BC g 1821 ofs
LD E,C : 1822 59
LD D,B ; 1823 50
LD DC,1550 : 1824 015615
CALL 1ADd : 1827 CDE41A
LD DN G : 1824 UiDC41
LD DE,407A , 182D 117A40
CALL 1560 ; 1830 CDGO15
LD HL,41EE ; 1833 21EE41
LD (HL) , 02 ; 1836 3602
D1838 LD A, (41iEE) : 1588 - 3AEE41
P OA , 1838 FEOA
JR NC,1854 ; 183D 30135
LD UL ,41E4 o 185 21E441
LD E,A : 1842 57
LD 0,00 ; 1843 16060
ADD HL ,DE : 1845 19
rusH L : 1846 ES
LD OL,4044 ; 1847 214440
ADD HL ,DE ; 184A 19
FOF DE : 184B D1



B1854

£1888

B1896

B18Ad

B18AF

B18B6

L “, LDy

ADD 1L ,bC
POF DE

LD (L) ,A ;
LD L ,4iEE ;
INC (HL) ;
JR 1838 :
LD . A,(31E®) ;
LD (4044) ,A ;
LD HL ,4006 :
LD v+ (HL),03 :
JR_ . _18AF ot
LD BC,41083A

PUSH BC :
LD  BC,4070 :
LD - DE,41D0 ;
CALL  1AAA ;
LD BC,41D0 B
PUSH BC ;
LD _E,C . _ g
LD . D,B ;
LD BC,1556.

CALL 1AE4 :
LD BC,41D0 _ )
LD DE,407C ;
CALL.. 1560 , ;
LD HL ,41EE ;
LD (KL),02 :
LD A,(41ER) ;
CP 0A :
JR NC, 1844 ¥
LD HL ,11E4 ;
LD E A s
LD D,00 J
ADD HL ,DE .
HUSH e _ I a8l
LD IIL ,403A ;
ADD HL ,DE ;
POP DE ;
LD A, (DE). ;
LD (HL) ,A ;
LD HL ,41EE ;
INC (HL) ;
JR 1888 ;
LD A,{(41E0) ;
LD (4034) ,A ;
LD HL ,4006 ;
LD (HL) ,04 ;
JR 18E6 :
LD HL ,41EE ;
LD (HL) ,02 ;
LD A,(41EE) ;
CP QA ;
JR NC,18D2 ;
LD HL ,41E4 ;
LD E,A

LD D, 00

ADD_ __HL,DE__ .
PUSH IL

LD HL ,1070

W e wh e me, e s

2 Bal
184D
164E
1851

18562

1854

1857
185A
185D
185F
1861
1864
1865
1868
186B
186E
1871
1872
1873

1874

. 1877

187A
187D

. 1880

1883
1886
1888
188B
188D
188F
1892
1823
1895

..1896

1897
189A
189B
189C
189D
189Kk
18A1
18A2
18A4
18A7
18AA
18AD
18AF
18B1
1864
18B6
18B9
18BB
18BD
18Co
18C1
18C3
18C4
18C5
18C8
18C9

| S I
e b =1

£33

t:'.,“,

Lo

—

[af)

18E4
SAR041
324440
210640
3603
1848

T 018A40

C5
017040
11D041
CDAALA
01D0o41
C5
59 .
50.
©15615

CDE4 1A~

01D041
117C40
CD8015
21EE41
3602
3AER41
FEOA
30156
21E441
5F
1600
19

ES
213A40
19

D1

1A

T
21EE41
o4
18E4
3AEQd1
323A40
210640
3604
1835
21EE41
3602
3AEE41
FEOA
3015
21E441
5F
1600
19

E5
217040
10

Dl



B1923

LD ~,{DLJ
LD (HL) ,A
LD HL ,+1EE
INC (HL)

JR 18BG

L A,(41E0)
LD (4050) A
LD HL,4006
LD (BL),16
JR 18E6
INC BC

LD DE,6118
JR - 1896

JR 1908
DEC B

LD B,B

LD (HL) ,01
RET ..

1, HL, 7000
LD (HL) ,0A
LD HL,7001
LD (HL) ,00
LD A,88
ouT (F7).,A
LD AL30
OUT {(F3),A
LD A,TO
OUT {(F3),A
LD A,BO
OUT. (F3),A
RET

LD _ HL,4005
LD (HL),01
_LD . . HL,401A
LD (HL) ,00
LD HL,401C
LD (HL) ,00
LD HL ,401B
LD {ilL) , 00
CALL 1EC4

LD - LL,41Fg
LD (4L),00
LD A,(41F83)
CF 0A

JR NC,1945
LD HL,4044
LD E,A

LD D,00
ADD HL ,DEC
LD (HL) ,01
LD 1L ,403A
ADD HL ,DE
LD (HL),01
LD HL,4070
ADD HL ,D=E
LD (HL),01
LD HL 4108
HuG (oo

Jn 1600

LD BLlys040

18CA
18CD
18CC
18CF
18D0
18D2
18D5
18D8
18DB
18DD
18DF
18E0
18E3
18E5
18E7
18E8
18ES
1SEB
18EC
1S8EF
18F1
18F 4
18F§6
18F8
18FA
18FC
18FL
1900
1902
1904
1906
1907
1904
190C
190F
1911
1914
1916
1919
191B
191E

1921

1923
1926
162

1924
182D
192E
1930
1931

1933

1936
1937
1939
193C
193D
1¢4¥F
1942
1323

1945

1A
77
21EE41
34
18E4
SAEG41
327040
210640
3616
1807
03
111861
18B1
1821
05

40
3601
c9
210070
360A
210170
3600
3E8S
D3FT
3ES
D3F 3
3E70
D3F3
3EBG
DOF3
o
210540
3601
211A40
3600
211C40
3600
211B40
3600
CDC41E
21F 341
3600
3AF341
FEOA
201B

214440

5F
1600
19
3601
213A40
19
3601
217040
19
3601
TIF341]
18DE
234540



B1961

B1971

B1976.

CALL

LD
LD
LD
LD.
LD
LD -
LD

LD
LD
LD
CP
JR
CALL
LD
INC .
JR
LD
LD
LD
CcP
JE
LD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
ADD
LD
LD
LD
LD
ADD
LD
LD
LD

TN
e 34

-y

.
PR ey

. 15C3

{HL) , 00
HL,403B
(IiL) , 00
HL,4071
{HL) , 00
HL,4009
(L) ,02

HL ,4009

_(HL)_,00 __
A,L(4009)

02 .
NC,1971
15C3
HL,4009
{(HL).
1961
HL,11F3
(HL) ,00
A,(41F3)

‘o2

NC,1A02
HL ,404E
E,A

D, 060

HL ,DE
(L) .D
HL ,4030
HL ,DE
(HL),D
IR 24852
HL ,DE
(HL) ,D
HL ,1054
IIL ,DE
(HL),D
HL ,40586
HL ,DE
(HL),D
HL ,40358
HL ,DE
{HL) ,D
HL ,405A
HL ,DE
(EL),D
IL,405¢C
BL ,DE
(EL) ,D
HL ,405E
HL,DE
(HL) ,D
DE,4060
HL, (41F3)

H,00

HL ,DE
(HEL) ,00
DE, 4062
HL,{21T3)
1,00

1y =
IR WP

1948
1944
194D
194F
1952
1954
1957
1959
195C

193F

1961
1984
1966
1968
1968

— 196K,

196F
1971
1974
1976
1879

1978 .

197E
1881
1982
1984
1985
1986
1989
198A
1988
— 198k
198F

3 1990

1993
. 1994
1995
1998
1999
199A
199D
199E
199F
19A2
19A3
19a4
19A7
19A8
19A9
19AC
19AD
I18AE
19B1
1984
1956
19B7
1989
13BC
10EF
198C1
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213B40
3600
217140
3600
210940
3602
CDC315
210840
3600
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B1AG2

B1AOY

us)

—

~1

LD
LD
LD
LD
ALD
LD
LD
LD
LD
ADD
LD
LD
LD
LD
ADD
L3
LD
LD"
LD
ADD
LD,
LD
LD
LD
ADD
LD
LD
INC
JP
LD
LD
LD
CP
JR
CALL
LD
INGC
JR
LD
OUT
=BT
NOP
NCP
NOP
LD
WOP
NOP
NCF
NOP
NOP
NOP
NOP
INC
wor
NGP
NOF
NOP
Nor
NCP

WA
vl

{(dL) , 00
DE, 40643
HL,(41F3)
H,00
LL,DE
(1iL) , 00
DE, 4066
HL, (41P3)_
H,00

HL ,DE
{1L) ,00
DE, 4068
HL, (41F3)
H,00 |

HL ,DE
(HL) ,00
DE,40GCA
HL, (41F3)
H,00
HL,DE
(HL) , 00
DE,406C
1L, {(41F3
1,00

HL ,DE
(HL) ,00
iiL,41F5
{HL)

1976

_HL ,400C

(HL) , G0
A, (400C)
10

NC AT
OFAQ
HL,100C
(HL)
1AOT
ALTF
{F4),A

B,00

1eCa
19C4
19CT
19CA
1gCC
18CD
19CF
19D2
19D5
19D7
19D8
19DA
18DD
19E0
19E2
19E3
19E5
19E8
19EB
19ED

" 19EE

1910
19F8
19F6
18F8
19F 9
18FD
19FE
19FF
1A02
1A0%
1A0T
1AGA
1A0C
1AQE
1al1l
1A14
1A15

1AL

1A1D
iALD
1A1C
1A1D
1A1E
1A1F
1A21
1A22
1A23
1A24
1A25
1AZE
LAZT
1A28
1AZ9
1AZ2,
Ao

1
inab

2 Xl
SAow

1AZ

LA A
1AZE
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O

HIg Yt
11640
ZAFCH1
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19
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116640
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19
3600
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2600
19
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116A40
2AF 341
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3600
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2600
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3009 __ _
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. -~ ——

51A30

B1A49

B1AS3D

B1AGS

LD Hi,=ilh
LD (L) ,b
DEC HL

LD (HL) ,E
DEC HL

LD_ (HL) ,B
DEC HL

LD {HL) ,C

LD HL, (41F8)
LD E, (HL)
INC HL

LD D, (HL)

EX DE ,HL

LD {41FF) ,HL
LD "HL,41FC
LD (HL) ,00
LD A, (41FC)
CP _0A__.

JR NC, 1ASD
LD DELAIFA 00\
CALL 2309
LD _ _ (HL),00
EX DE ,HL

INC HL

INC (HL)

JR 1A49

LD UL ;2710
LD (41FD ) UL
LD HL ,41FC
LD {(ELD116 2]
LD HL, (41FC)
XOR. A

ar o= i

RET < &
LD HL,{41FF)
EX DE,HL

LD HL, (41FD)
CALL 2816

PUSH  LE

LD DE,41FA
LD AL, (4 1FC)
CALL 2309

POP DE

INC HL

INC HL

LD (KEL) ,E

LD HL, (41FF)
EN DE ,HL.

LD HL, (41FD)
CALL 2316

LD (41FF) ,HL
LD . E,C

LD D,B

LD HL,000A
CALL 2316

EX _DE,HL

LD (41FD) ,HL
LD A, (41FC)
ADD AT

T, {(41F2) A

L P

D

LAGU
. 1A33
1A34
1A83
1A36
1A37
JA3S
1A39
1A3A
1A3D
1A8E
1A3F
1A40
1A41
1Ad4

LA

1A49
1A4C
1A4E
1A50
1A53
1A56
1A58
1539
1ABA
1558
1A5D
1A60
1A63
. 1A66
1A68
1AGE
1A6C

LR o
R P QS

1A6E
1AT1
1A72
1ATS
1A7TS8
1ATY
LATC
1AYTE
1A82
1A83
1A84
1A85
1A886
1A89
1A8A
1A8D
1A90
1A98
1A04
1A95
1A98
1A9B
1A8C
1AGF
1TAAD

1AAd

Y,
PO W B3

-

~1r>~11i2

AF84 1

WowuEP~TODwHWwe—

K1 Ot O 0o ~1 b2 ~1 1o
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FEOGA
300D
11FA41
cDo923
3600
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Sul
18EC
211027
23FD41
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3604
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N,
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B3
2AFF 41
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D5
WIPALL
3AFC41
CDo923

CD1623
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210200
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EB
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STAAA

S1AE4

RET
LD
LD
DEC

v
s

DEC-
LD
DEC
LD
POP
DEC
POF
LD
DEC
LD
PUSH
LD
LD
LD
LD
CALL
LD~
LD
LD
LD
CALL
LD
PUSH
LD -
JP
LD
LD
EX
GALL
RET .
LD
LD .
DEC
LD
DEC
LD
DEC
LD
POP
DEC
roF
LD
DEC
LD
FUSH
LD
LD
LD
LD
CALL
LD
LD
LD
LD

P

HL , 4206
(HL) ,D

HL

{(iL; ,C

L

(HL) ,B

HL -
(HL) ,C

DE

HL

BC

(HL) ,B

HL

(HL) ,C

DE

HL, (4201) .
C,L

B.H "
DE,4100
IB1E

HL, (4208)
C,L

B,H
DE,410A
1B1E
HL,1AD9

H

HL, (41T41)
(BL)

= P TV =
HL, (4205)
DE ,HL
1B1E

HL ,420C
(HL),D
L

(HL) ,E
HL
(BEL),B
HL

(HL) ,C
DE

DE 4100
1B 1E
HL, {(4206¢)

oy
LR

b . &

DE,=<10A

o ma e e

1AAS
1AAA
1AAD
1AAE
1AAF
1ABUY
1AB1
1~B2
1AB3
1AR4
1ABS
1ABS

1ABT -

1ABS
T1ABY
1ABA
1ABB
1ABE
1ABF
1ACO
1AC3
1ACG6
1AC9
1ACA
14CB
1ACE
1AD1
1ADd
1ADD
1ALS
1ADS
1ADC
1 ADF
1AEQ
1AE3
1AE4
N2
1ALS
1ALS
1AEA
1ALB
1AEC
1AED

- 1AER

1AET
1ATG
1AF1
1AF2
1AF3
1AF4
1AFS
1AFS
1AF9
1AFA
1AED
IBOO
1003
1004

Ty T
R ARV

~

L
cg

210642

ST O T S0 SR S D )
TS o T oY

D5
2A0142
4D

4.4
110041
CDIELB
2A0342
4D

44
110A41
CDIE1R
21D91A
AS\ A
2AT 441

116041
CDIE1B
2A094E
4D
4=
110A41



SIB1E

BiBzD

S1B31A

S1B59

LIBT3

A

CALL
LD
resi
LD
Jr
LD
LD
EX
CALL
RET
LD
LD
DEC
LD..
DEC
LD
DEC
LD
LD
LD
LD
CP
RET
LD
CALL
LD
INC
PUSH
CALL
POP

T
RV

LD

v
Lt

INC

JR
LD
LD
INC
LD

TATA
PSR

LD
INC
LD
RET
LD
LD
OR
SBC
LD
OR
JR
LD
INC
LD
LD
LD
LD
LD
R
56C

1B1E
HL,1B13

1

HL, {11F8)
(HL)
BC,4114
HL, (420B)
DE,HL
1B1E

HL,4210
(HL) ,D

KL

(HL) ,E

HL -

(HL) ,B

HL

. (EL) ,C

HL ,4211
(HL) ,00
A, (4211)
0A

NC

DE, 420D
2309
at--—M,
DE

HL

2309

DE

AL {DE)

(HL) ,A

Try

WL
TS TRNE. D)

(L)
1B2D
HL,4Q14
(HAL) , 00
HL

NN D
HL

{(HL) ,00
HL

(HL) ,00

HL, {4150}
BC ,FFFF

A .

HL ,BC

ALH

L

NZ ,1B73
EL,{4152)
L

{4152) ,HL
HL, 0000
(4150) ,HL
HL,(4152)
30,1964

A

HL,BC

1BGE
1BOB
1DOR
1BOF
1B12
IB13
1B16

1B19

1B1A
1B1D
IBLE
1B21
1B22
1B23
1B24
1B25
1B26

"1B27

1B28
IB2B
182D
1B30
1852
1B53
1B386
1B39
1B3C
1B3D
1B3E
1B41
1B42

- 1B43

1D

1B47 |

1B48
1B4A
1B4D
1BJF
1B35Q
132
1BL3
iB5S
1B56
1B358
iB59
1BaC
1B3F
iBGO
1B62
iBG63
1B64

1B66 -

1BGY
1B6A
1BGD
1B70
1B7S
IB74
iB7Y

iB7A

CDIEIB
21131R
°5
2AF641
R
011441
2A0B42
EB
CD1ELB
c9
211042
72

2B

73

2B

70

2B

71
211142
3600
3A1142
FEOA _
Do
110D42
CCe9ns
BTN
13

ES5
ch0923
D1

hA

T
211142
34
18E3
211440
5600
283

56 00
L
3600
23 .

H600

c9
2A5041
OG1FFFF
E7T
ED42
7C

. B5

200D
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1w
w
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S+
[a]] (43
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S1B85

B1ESO

B1BEB

LD

Ty
(O3 ¥e

‘RET

LD
LD
RET
LD
LD
DEC
LD
LD
LD
LG
Cp
JR
LD
CALL
INC
INC
LD
LD
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D1C5C LD AL, {duing : LCoC 5mind0
AND OF ; 1C5F TE0F
LD (4217) ,A ; 1C6! 321740
FUSH AF : 1C64 Fa
LD AL, (401A) ; 1C65 SATA40
AND F$ 1 1C68 £G6FS
RRA : 1CGA 1F
RRA . ; 1C6B 1F
RRA : 1C6C 1F
RRA ; 1C6D IF
LD (4218) ,A ; 1CGE 521842
roP AF ; 1CT1 El
LD (4218),A ; icre 351842
LD A,(401B) ; 1C75 3A1B40

_AND OF ; 1C78 EGOF
LD (4219) ,A ——( 321942,
PUSH AT ; 1C7D F5
LD A,(401B) i 1C7E 3A1B40
AND F8 ] 1c8l E6F8
RRA v 1C83 IF
RRA ' p 1C84 IF
RRA ; 1C85 iF
RRA ; iC8s 1P
LD (421A) A ] 1587 3ebadl
POP AF : 168A F1
LD 2GR (M ; 1C8B 321A42
LD AL {(4018) p 1CSF 3A1CH0
AND OF ; 1091 ES0F
LD (421B) ,A ; 193 321942
PUSIL  AF ; 1C86 F3
LD A, (401C) gl gty 3A1C40
AND F§ : 1coA E6TS
RRA A 1C9C 1F
RRA - =  1eey iF
RRA ; 1C9E iF
RRA ; 1C9F 1F
LD (421C) A : 1CAOD 321C42
POP AF ; 1CAS F1l
LD Vi Ny L ; 1CA4 521C42
LD HL , (424D ; LCAT 2AID4S
LD 1,00 = 1CAA 2600
LD BC,0420 ; 1CAC 012004
ADD HL ,BC ; 1CAF 09
LD A, (HL) ; 1CBO TE
LD (40107 ,A , 1CB1 321040
LD HL,{(421C) : 1CB4 2A1C42
LD H,00 , 1CB7T 2600
LD BC,0420 ; 1CB9Y 012004
ADD HL ,EBC ; 1CBC 09
LD A, {HL) s 1CBD TE
LD (4G611).,A° 1CBE 321140
LD A,{042B - 1¢e1 3A2004
LD (4012) ,4 ; 1CC4 321240
L IiL,{4219) ; 1GC7 NA1942
LD H,00 : 1CCA 2600
ADD L ,BC : el 0%

L Ay (L) . 1CCE TE
LD (4015),A , 1CCE 3213840
LD HL0alia) § IRl A 2AilAa=s
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DA N e e ws

ADD iiL , BC ; ICD6 W
LD A, (HL) ; icpT 7L
LD A{4014) LA ; 1CD8 321440
LD A, {042B) : 1CDB 3A2B04
LD (4015) .4 : 1CDE 321510
LD HL,(4217) ; ICE!L 241742
LD H,0Q ; 1CE4 2600
ADD_ _IIL,BC  _ ; 1CES6 09
LD A, (HL) ; 1CET TE
LD (4016) ,A ; 1CES 321640
LD HL,(4218) : 1CEB 2A1842
_— LD. H,00 ; 1CEE 2600
ADD HL ,BC : 1CF O 09.
LD. ._A,{HL) . ; 1CF1 B
LD (4017) ,A . 1CF2 321740
. - — .RET . ... i ....1CF5 Cc9
LD A,(4008) " 1CF6 3A0840
OR . A o™ ... 1CF9 BT
JR NZ ,1D18 A\ 1CFA 201¢C
- CALL 1B4A_ \ | [/ /X BC CD4ALB
1D HL ,4010 ) 1CFF 211040
- LD (HL) , 77 ; 1D0o2 3677
INC HL ; 1004 23
LD (RL) ,40 ] 1DO5 3640
INC HL ] 1D0O7T 25
LD (HL) ,7B : iDos8 367B
INC HL 4 iDOA 23
- LD (HL) ,5E . 2 1DOB 365E
LD HL,(4156) ; 1DOD 2A5041
N, YHE : 1D10 nt)
LD (AP 10 113 ) . 1D11 22501
CALL , 1539 | S S CD591B
. RET : 127 C9
B1D18_. ___LD __ _DBC,408C ). G YRVR 018C40
LD DE ,4630 - 1D1B 113040
_ CALL  1A30 ; ID1E CD3Q1A
LD BC,1A26 o\ 01261A
PUSH BC : iD24 C5
LD BC,4030 : 1p2s 013040
LD E.C 1D28 39
LD D,B . 1529 50
GALL  1AAA - 1D2A CDAALA
LD BC,4030 ; 1D2D 013040
'USH BT : 1D30 ofs
LD E,C ; 1D31 59
LD D,B ; 1b32 50
LD BC,4070 : 1D33 017040
CALL. 1AE4 _ ; 1D36 CDE41A
LD BC,4030 ; 1D39 013040
, CALL _ 1BS85 ; __1D3c CD851B
RET : 1D3F Co
LD _AL(4008) ; 1D40 3A0840
OR A ; 1D43 BT
JR NZ,1D62 ; 1D44 201C
CALL 1EB4A : 1D46 CD4A1B
LD HL,1010 o 1D49 211040
LD {HL)", 50 . 1D4C 3650
%y, L , 1D4E 29
LD (UL .76 , 1Dl 3676
NG a1 ) 1051 23
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B1lESS

JR
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LD
LD
INC
LD
INC
LD
INC
LD
LD
INC
LD
CALL
RET
LD
CalL
RET
LD
OR
JR
CALL
LD
Lo
iNC
LD
INC
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CALL
" RET
LD
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CALL
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CALL
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CALL
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CALL
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N . LEub LY
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iB4A ;  1E3E CD4ALB
HL ,4010 : 1841 -011040 -
(HL) ,73 : 1E44 3673
HL ; 1E46 23
(HL) ,40 ; 1E47 3640
IL \ 1E49 23 - - -
(HL) ,54 ; 1E4A 3654
HE — 1E4C 23
(HL) ,78 : 1E4D 3679
HL,(4150) ; 1E4F  ~2A3041 R
HL ;  1E52 283
(4150) ,HL ~ 7 1E53 2250417 -
1B59 ; IE56 CD591B
T TS ST UESYTTTTCYTT T T T T
BC,40790 ; 1E5A 017040
1B85 - ¢ ~=1E5D"" ~ CD851B - -
i 1EB0 -C9,
A, (4008) : 1E61 -— - 330840 —— -~
A : 1E64 B7
NZ,1ES83 : {E65 - 201C ~ - —=~ =
1B4A ; IE67 CD4ALB
HL ,4010 : 1E6A ~ 2r1ie4b - - -
(HL) ,EE- ; 1ESD 36EE
BL : 1E6F 23 =
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Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
] ' ]
Package ! Package 3 | Package 4 Package ; | Package
i i - evice Type Device T Device Type +
et 123 T 3TV 77 trd T”‘lc;P M cF| Device Typ YPe ICTPIMICF YPe CTPIMECF
¢: 3 3 & & 4
SbeEL TR TR 00y Iw o SNBeL SO EN580¢ i | fwef shsaioe i
Tl SNILELE S s N i 1 €NTLSOL INC1 SNTA0C Joainsl ShIe_0¢
Fa5LS5L FWESRL D | g FASSe~0L FMEHTL Foofrwsese Fme s '11 i jFu | F msane Freanoe [FE R Fa
FAIRCHILD TCE FCeSCe (D, (»1 : £ Cen0e ECEH0L 1S F8.SA 05 (P11 (N | FNTA0¢ FLONOE L0 [P
| * C3:08 T ' i i W {5e08 L&) jefFl
MOTOROLA } { Jrecae ~|F{snnuiso EECEEE LT ILTP1
] ! i
S T Jowsenoe DM52, S04 | ] Dw Sale 11N [F 2
N .C. TR i . CNTe08 i DNTL_ SO H [T 33 IND [N ] 32 ‘
¥ { ¢ | ! i
PHILIPS R E T | nesoe e 5 Fimzal 7858 7 |
F 2 k. w_ | c5em0e e | . FL|AL w2
SIGNETICS il e | NTem0e i 78 S8¢ P i NI292 £ |l
SIEMENS Rt 1 B R S AT ' i
{ 2 a4 i
.. : 1% Fu e {
FUJITSU R AT i i tihe -
! i R | i :
HITACHI BT Tas I® i =T Ta S0 . HE780¢ 22822 ! % | |
s § | |
MITSUBISH! [ S P T [viesw i Va0 T 15
; . 1 ¥
NEC i< | T 3 % foa s Ve & L PE 23, D3
! i N | i i
TOSKIBA : O ! E TO3a584 PJI i .
Electrigg! Characteristics SNS4LS04 SN74LS04 z !
absoiLte max v~ ralings Cver oDealng free air temperature fange -
sl T Tty Seeer SNS4_S ~35%. % Wl p
e 7 AR }s._ = R Schematics (each gate)
1 T oay e R e TESC e 180T :
recommencec ope‘sing conditions -
T SN54.506 SN-4_504 & !
i = MAX | WIN LTI
R | 4 s 58 . L in \
b aad 11 - 400 a vt
e et | 0 0 T
=5 1 e s ¢ " x

electrical characteristics

over recommended operating

free-a:r temperatuie range
PARAMETER TEST CONDITIONS t MIN TYP 3 WAX| UNIT
Vin 2T st DLt wDtape 2 v _
Vi Lim-ve D" vo'l2ze 0l W
Vi T o R ¥ Neo =M 1y == I18mA& £t
VEOENN VL=V me t
R T T TR :‘f”“,;, WSt T2 0L 2.7y N34 v
IVegEMN. Vig= 2V,
VoL Low-tve! ouis. voliage 0 & 04| v
Igo= Ams
0" eurrert a b
I NogEMEX) V=Y 0.7] ma
mavmIT nDst wditage
[ Hict tve’ .t current VECENEY L V=2V 20 uk
Iy Lom ez 2 Srent Neg=MEY Vi =0 Ay -C4 ma
2.5 Faniy | -2 =400
IvoeENAY I 23
. i vee [ MLS Farmn |- 20 —io "
B R R T T 1.2 24| ot
v
IgCy - Sux yicure: | cc {Totz'. ocpots fow 36 6ehuma
> 8 1
'# V& verage per gate |
i ce=5. 04 me
ce J‘ e |150% duty cycie) |
- Ok, lLMe ! |
" 9 1S ng
FLW ou-1e 5. st Dulput 'V(.c= Sy Ta=28°CH | ;
P 10 082, i Te =167, R =2¢Q il
i XAJLON Oty i'Me L=ISPF L 10 ot o
Fig Twieve oU1pLt {
Pin Assignments (Top View)
1Y A 6Y GNC SY SA ay
- )

positive logx
Yy=2

Cmeviy Ll

| Y ICENECTR
04 4w (VoI 130] th]
104 40w 2071500 17A
Input Clamp diodes oat on
SNSAL /SK74L " cir&dty

‘04, LO4 CIRGLTS

‘HO4 CIRCUIT

Resistor values shown are nominal and in ohms

‘LS04 CIRCUIT

1For cond 1ons shows 25 MIN or MAX, use the axxropiate value specified under recom mended operaung condilions.
A1 1ypricz values are 81 VOC =5V, To=25C.
@ Not more Tien one OUIPUl 3noud be Shor1ed 3t @ bime, and for SNSAH'/SNT4H' ang SNS4S'/SNTLS’, duration of short-crourl shouki! not exoeed 1 sewund.



5408 /7408

Quadruple 2-Input Positive- AND Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
T
Package | Package Package | Package , Package
Device Type Device Type —————— Device Type - Device Type —[—T—— Device Type
YPE ICTP IMICF YPe TCTP MICF YPe [CTP mICF YPe cleImicr ClPIMICF
T1 SN5EE0E TE w SN5eL SO0E e w | snseos iy, 1w
o % SN7LS0E B FEE i EN74L SDE 5N SNT408 | P
FAIRCHILD s resss N [ USSP S vi] | [¢G[Fwseos Fuenoe 0ol | |F
FIUso O3S0 [o3 1°7 1  (#7 [7C e-08 F C9H08 | LS s 01 173 0 4 FC7406 F (9%gE DI IP |
e Ve zoEiind
MOTOROLA = . ST = T
NSC i 4 DVSaL SOE P! [ w' | DM52L06
B ! [ A T DN e SO e O 08 DM74L08
T T Ve o
PHILIPS fTEE0F £ PR N8 S0E 1 n 7208 |
1 -1 € 32~06 | S5208 Wi o !
| 2 = = i |
SIGNETICS 745 0F SR | | ne-oe LML S 0F =5 NTE08 7= 8
H }. - | fiey
SIEMENS , T t B o s
i 2 s . I Jaxd
FUJITSU : b et 7. S08 [ 1
i [ | b - ! |
HITACHI T B = mCTe S0 E . o I H !
—t—T -
i ik i i
MITSUBISHI ¥ — it = T =
AR
) i
NeC =4 i 2 S0¢ e} »©B23¢ C
i B | i ¥ I
. J S| Lol
TOSHIBA R 1 i | S PR BT R Y | |
Electrical Characteristics SN54L508 SN74LS08
atsolute maximum ratings over ooerating free-air lemperature range
& T ™ ot voea [sweacs T Jaex Schematics (each gate)
S N Tempera' e B0 [ snies o o WC
e 55, Ciorape emoe 2ot A ~85°C 12 150
rec ded operatng L -
SN54.5086 SN74LS08 ”
" Wow __ _WAX | WIN wow wax |
= e vec “s s N EED s s v WOUTS
< Twee oulnr Gt 10w - oc - . wk A "—4"’
Tt g zereet oL « . -t .
e be s wmwaice T4 —% s © w | X 3
electrical characteristics over recommended operating
free-air temperature range
PARAMETER TEST CONDITIONS 1 MIN TYP 3 MAX [UNIT 0§ CIRCUIT
| - High-leve! nput voltage 2 v
&3 Low-leve! mput vortage L8| Vv
_\' Incut clamp voltage Vcr“"lN I =—18mA -1.§ v
WIN
N 4 Highdleve' outout vo'iage e Lgr ey 27 3 v
1Gm = MAX
r-‘— . Low-keve. output voltage Vg™ " Vit p.2z paf v
! Ign_r ang
1 1
nput current @ Vec=MaXD vy =7V orh| \wil
mayimur Input voltage
High-leve: nput current Veo=May Tvim=2.7v 20} pA
e Low-level mput cu-ent Voo =NAX ]V,L=0 av ~0.4| mA
Short cirgunt | S&LS Famuy | =20 =100
o % A
95 oupe corenme Vec=MAX . Rals Famiy [ =20 oo™
: 1S o ¥ L
ICCH__ Suon'y current Voe=Max 41’@ 12°. outputs high 2 ] ; ma
sCCL  Supp'y current jToe, outputs low a4 8.8 ma
Zuerzge pergate
\ =gy | ¥ 3 A 5
CC  Suopy current VeC=SY. | oe; duryleycie) 0-& 2 $06 CIRCUIT
Provagatior. delzy Ume > 4 5
3| ¢ b
PLH | o to-highieve! ouiput vee= 57, Ta=25C.
i Provagation delzy time. C_=1%F. R =2Q : .
PHL  ngreto-icwsieve! outout R e
Pin Assignment (Top View) = o
o 10 - en
. 1%, %
®©
vee € u &y ¥
TS am
rT (L) —-WH l—l o ’ it Y v
T 1
e W '_, Pl ' N
{ : 1 3»
| L 1D ¥
; i
| D1 [0 | 2 &
i S e | § % ‘LS08 cmourT
igtigfiatisOisOiauly
W% B v 22 XE ¥ GND
:0:"!:' fogic: Resistor values shown are nominal and in ohms
1 For condions shown a5 MIN or MAX, use the aporopriate values wnder omng

$ AN 1ypical valves are 3t Voo =5V,
* Not

Ta=25C.

more than one oulpul Should be shorted at a time, and for SNSAS'/SNTAS', duration ov output short Cirouit Bhould not exoeed one second.



5427 /7427

Triple 3-Input Positive-NOR Gate

2 41l 1ypical valses are 31 Voo= SV, To=25C.
@ Not more than one oulpul should be shorted at a time.

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Pa e Package Pacl
Device Type Device Type 2E° | Device Type Device Type Device Type
C|P|M|CF C|P{M|CF C|P{M|CF| C|P|M|CF C|P|M|CF
T.1 ~ SNSALS21 3 @ wl| SNS427 I wl)
i SNULSTY JOIND SN1427 s OIND)
FSAS27, P S2) o fQ | Fvsaz7/Fven2T DY
FAIRCHILD ROLST / F9.52) ol |0 ¥@ | FCuzI/FCNDT  JoDP O
MOTOROLA SNILS27 n SN1a27 PO
DMS4L S27 [ DwIse27 JOIND] W)
n.3.C. DML S2T T owaz] TOND_ WD)
PHILIPS NTLS27 [d] N1427 ]
SIGNETICS N74LS27 ja i N742) 4 D)
SIEMENS LR T
FUJITSU
HITACHI HD 4L 527 P HEIT427 fe D
MITSUBISHI w53 S27 P ME3227 F )
NZC L 527 cq
TOSHIBA i
Electrica! Characteristics SN54L.S§27 SN74L527
absolute mammum ralings over operating free-air temperature range e
Sy ORE VOC W Ove-atrg Sorer Tsnsics BT w InT Schematics (‘aCh gate)
v weewatrr e [ shiucs T e WC
rem e wey X5 Sy wroevr e e e vee
ded op. « o, wouTs 130
SNBaLS27 SN7aL$27 3 )
2 - WO WAY_| W wou A | U
oy v Voo as 3 s |em s s 7 v %
i et VD ortet g ~ &0C 3 = 40c p2 - M"m
| owclewe! G GIeT 0L .4 . -~ '
Coeaimg Peear temoeaive Ty -5 3 . n h :
. p— = : &
electrical characteristics over recommended operating '
free-air temperature range ¢ R
RARAMETER TEST CONDITIONS ¥ MIN TYP3 MAX [UNIT
™ High-teve' nput voltage £ 7 v The portion ©! the 3chemalic withm the Gashed
Vi Low-lve mpot volthge 0.8 v fnes s repeated for the C mput of the 27.
Vi tnput camo voltage Voo =MIN, ij=—I18mA =150 V¥ ‘27 CIRCUIT
ezl VEC=MIN. - Vy =V max,
Voo Highteve outpu! voliage 1 MAY 2 34 v
VOC=MIN. V=2V,
v 3 gt 4
oL  Low-eve: outpu! voltage ) dma 025 O v
o Qs prsniial VEE=MAX. V=7V " g Y
maximuT Mput vollage )
High-ieve:
‘ Data mpuls . [Voc=MAX., Vyy=2.7 A
™ nput coment cc R ¢ Las E
Low-leve
[ . =MAX, WV, =04 ~0.4
w B bvens Data mput vce w04V - 0 mA
154Ls Famiy | <20 =00
Cny e t " - Lt
ins Shoytwront oulpul aurrent @ Vee=MEaX PILS Pt | 220 ~ 100 mA .
1ok Supp'y curren [T, outputs tug 2.0 4] ma r
Voo - MAX :
160 Sumoy curent [Tota. cuitputs low 34 68| mi =
5 L ey |Rverade per pmie (45
icc Supp'y current vee- 5V 11505 outy eycie) 0.9 mA
Progaga*on geiay hime -
hknch 5! -
PLH B s ruievel output Vcer S Ta=25C "0 15] ns
Prooagatvr delay tune,
- RL- i
1PHL Boh-to-icwteve! cutout Cy = 150F, L= 2R 10 5[ ns
s * . The portion of the schematic within the deshed
Pin Assignment (Top View) limes it repested for the C input of the LS27.
@ ‘LS27 CIRCUIT
Vce ic 1y 3C 3B 34 v \
[l N3] 2] [n] fel Tsl o]
% L l I J |
pligEip0gtgOlpiip
TA 1B s 28 2C 2V OND 7
o
gosiive laght: Resistor velues shown are nominal and in ohms 3
Y=A+B+C 3
1 For condtions shown as MIN or MAX. use the approprite value fied under G




5432 /7432 Quadruple 2-Input Positive-OR Gate

Schottky TTL High-Speed TTL | Low-Power Schottky TTL Standard TTL Low-Power TTL
Package 3 Package Package Package Package
Device Type Device Type Device Type Device Type Device Type
C|P|M|CF] C|P|MICF] P |M|CF] C|P M CF] C|P [M|CF]
T 1 2 SNS4S32 @ Wi SNS4LS32 D w1 SNS432 D) (WGl
*& SN74SR2 1L T ~D SNTALS32 U TINT SN J T IMT
AR, AesR of [ PESALST? /PSR ) FQ | FM5432 FIMON32 DT F T
FAIRCHILD RO/ R op,"T L' foem /rase oT "D sy FCrx/FCINR DLIPD
MOTOROLA e =9
N.S.C. DM74L S32 D DMS432 JTIND Wi DMS4L32
DMS4L 532 T DM74232 J T N DM74L32
PHILIPS N74S32 I NT4L S 32 T N7432 .
SIGNETICS = A
NT4LS32 A T i FT]aT
SIEMENS FLHG! T
FUJTSU TaLsa2 T
HITACH HD74L S32 7 D432 TPT
MITSUBISHI i BT
Ec 8532 IC &
TOSHIBA
Electrical Characteristics SN54L.532 SN74LS32
absolute maximum ralings over operating free-air lamperature range
g g ™ e —— T BT e mc Schematics(each gate)
Tt voliage ™ Vowow sty T {snias ac w0 WC
Sirage mrowatsy ‘age -§5T 1 iSC
recommended operating conditions foo0 1008 -
SnS4LS32 SNTALS32 e s
- Wou___ WAX | N [~ e A
Suoohy vorage. VOO [ s 55 |am s " v
Mg Ut et 10n - 400 400 | A
Low-wvel output cument. Ig( 0 » ma
Operatng Fee-sw temperaiwe. Ty -5 i . " T s
electrical characteristics over recommended operating
free-air temperature range
PARAMETER TEST CONDITIONS { MIN TYP 3 MAX | UNIT
ViH Hign-vel input vollage 2 v S Rncint
Vig Low-level mpul voilage ¢ 08| v
Vi input clamp voilage VCC=MIN. I} =—18mA . rindl T8 .
VCC=MIN, V=2V,
VO  High-evel autput voitage .::_,“, n 2% 34 v
VCC=MIN, Vi =ViL max,
VoL  Lowsewvsl output voitage 1oL = dmA 0.25. 04| V
Input current at
v MAX, = .
" maximum nput_voltage ha Ay 2h 8t
LT Hign-evel nput current Vog=MAX, Vig=2.1v 20| uA
hy Low-evel mput current Voo =MAX, Vv, =04V —0.4 | mA
)
[S4LS Famiy | =20 —100
=MA
los Short-crcuit output curent® | Vg X [Facs Famiy [ 20 =% mA
IcCH  Swoly current Voo =MAX Toul, outputs 3.1 62| mA
logL  Suopty carrent Total, outpuls low 4.9 9.5 | mA
Avecage pergate
! veo=5v
cec Supoly current cc=9 (50% ouiyieycie) 1.0 mA
& Propagation delay time. T
PLH o w-to-ngn-level output Vog=SV. Ta=25C. e 22| ™
Propagation deiay tme, C =15F. AL=2Q
¢
PHL  pon-to-ow-level outout y b s
: Pin Assignment (Top View)
O] reuTS
A
Vee @8 4 4y 38 34 3
[aL 3L 17l i [rol (9] [@ 8
| |
?;_] 1 l—l i
DaBaBg0aDe0gl -
A 18 1Y 24 k]
“LS32 CIRCUIT
positive logic: Resistor vaiues shown are nominal and n ohms
Y=A+B -
1For conditions shown as MIN or MAX, use the appropriate value under nded operating

AN typical valves are at Voo =5V. TpA=25C.
#Not more than one output shouid be shorted at a time.



54138,/74138 3-Line-to-8-Line Decoder

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package i Package Package | Package
Device Type F——— Device Type — Device Type Device Type - Device T . -
cPIMICF ClPIMICH Yees YPe ETRIMICF YPe CTh MICH
Tl SN54S138 T N w SN54L S 138 i i | | |
i Shs138 SN ENTULS 138 1 i 1 ;
- S 03 | WSS FMS.SIN i |
FAIRCHLD FOUSIN FOSISIN (5 FOMSI36. F9.513¢ | i
i j | |
MOTOROLA ' SNTCE i t
| OW74L S 138 ! | fo %4° o |
RSE. DWILE 136 17 DwsiSi3s | | ] | i
H ] H 1
PH i 1 i T e 1
UPS D 13 ! | i N74_S 138 PR & | . 1 |
GNETI S545138 FiBi Wi ek S $e fR] . ntf i Ja2-15 i
St cs NT4E 138 iF B | o ot i NT4L S 136 7% T I =l {
1 | | { T \ 1= 8
H 1=
SIEMENS +—— . : 0 +— .
FUJITSU R 2 B ) L] T ) :
| R | P 7415138 3! ! e o o T l
| El =1 o 1 == '
H ! i - ! 1 '
HTACH ! | | g =074, €138 [ ) 1
' $ =¥ i ! i |
MTSUB'SH [—— e EE! WAL E 138 35 i
‘ ! P : - e § o g
NEC f 173 e Y Y 1 =N | : ; ‘
; [ { 1 b Y | . |
TOSH BA Lt - =i - — : ‘
5 o1 ] ¥ ‘
Electrical Characteristics SN54LS138 SN74LS138 Pin_Assignment (Top View) ‘
absolute maximum ratings over operating | :um;wu.s
free-air temperature range = Ve o BNI0 v2 V3 ve vob va
Supr'y voitage. VoC v Operating trecwar | swsais -55C 1o 125°C 1€ s 14132l l111{10{}) 9
it volage ™ temperature fange | snIaLs 0°C1o 10C T E ] B |
Storage temperaiure ranoe -65C1o 150°C tl, 1 41‘ A ‘L l H l
- e YOrrg2 12 BYe T I
recommended cperarating conditions l
. 15
NS : N4l |
SNSALSI3E [ Shiesie oo S 0 3
MIN_ NOM MAX | MiN NOM MAX | CAWIN T TR 1 positive logic:
¢ -
Suop'y voliage, Vec a5 s s55la7ts 5 525! V / { 1 T i | T see function tedle
Mgt we ! DUpL Gt O 400 ap i b | . | -
Low-leve! outpot current. lo| 4 5] mA 1I12113 5116l 71l8
i ep— | prrs 128 10 6] " NA_ECI74 GTE-TT, VI GND
electrical characteristics over recommended operating SELECT ENGELE 1
free-air temperature range Funétion. Table i
PARAMETER # TEST CONDITIONS' IMIN TYP$ MAX [UNT “§138°LS138 !
N Higreleve ot wo'iane Y .2 I v S |
Vi Low-level mput voliage T 08l v . INPUTS: OUTPUTS 145
Vi Input ClRME vo'tane VoC =W = - 1BnA 1 NHEE E: E"E“ SE‘:E’ 3
v B h o o VEC=MIN ¥pq=2v. |SWAS | 28 34 Il 4 — Szl i B ATXIY! X2 S Y4 Y5 Y6 VY
oM F| put voitag &, S0 1. 4002 SWNLS | I H X X|H B H HH H H H
i o VEC=MN. V=2V, | J L X|x x X VAR
VoL  Low-ievel output vohage o, 9, o s bt | 03 - 08| Vv H L L L L Ry ) S e
s T
W nout Curent 8t maxmam 1 1 b Lt L AIHFLEH H H H HOH
oDt e MU e, N - i N e SR PN TS
[ VeI MAX. V=2 1V i 200 uk : Ll " HI W H H L HHHH |
W Veo= MAX. V=0 &y ! 0¢, mb 3 = : - : : LI S 0 d
e Snoriseveui QUIPU! CuTen @ oo = MAX F - 100 A& n L 1 £ BRI |l e | :
VR . by 1 ;& " i L M H H H M M L W |
P 3 | VCC = MAX s enzlesi i | H i
©C Sty current . oL 1 1 €2 ek | L ! W M W oW KW H WL X
LY} ! e, e . GZ-G1k-G2E )
IBHL | fiom Binary solect | hai a H=rgt levei L= iowm level, X = vrerevant -1
SeLM | Any outpet ‘vee: SV TSR SRR s |
1oL | 7a-25C wvern) 3 R T Functional Block Diagram {
. 1ot ¥
R R P P S Y " [
PHL F =2 e 2 32 i K|
S ¢ om Enati fogat= i [ ! = % T =1 - \
L g H € v
T e b l R Tt S s e > ) . ; l
weuTs 1o, 8 y— =3 L. '
g2t —A/ ._%: e |
v
J ¢ LeTa
) rd_}-‘—vu OUTPUTS
: = K== 0
A g ' s
SLLECT 2 | e
weuts | ® D4 - 1é_>_ -
* 1
v
c JM@‘_
*S138 "L S138 DECODER. - DEMULTIPLEXER 5

1 For conditions shown as MIN of MAX, use the aporopiale value specified under feCOTMINOEd OPerating Conc lins *or the aDiCalue Ofve Tyne
T AN typical values are 31 Voo= 5V, Ta=25C.
@ Not mote then one Ouipu! Should be shoried 8! 8 time  anc Ouralior of the Shori-CaCurl 1es! Shoull NC! ExCEEC ONE SecoNd
®1p 4= Dropagetion Oelay Time. low-10-high-leve! Oulput
1PHL = Propacalion oclay Lme. Migh-to-low-leve! outpul




54145 /74145

BCD-to-Decimal Decoder /Driver with Open-Collector Output { |5V Output)

Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package | Package Package Package
Device Type Device Type Device Type Device Type Device Type
yPe TP McH YPe TP MIcH YPe TP IMICH YPe CTPIMICF] P ICTPImIcF
T1 SNSAL S 145 | fwi | snsaies 1 D
et i S*.4L S 145 I 1 [shoaes «
T e ;|7 aseias Freezaslc |
FAIRCHILD R LT 1 i
| MCs414S L o :
MOTW'A MC 4154 L:P!t
OMSAIAs )t M
N S.C 4o OM44S G N N
H T
PHILIPS R e e
s bl S34148 4 &
SIGNETICS T T N I I T E
I Lis g ]
SIEMENS — — :
1 L
el
FUJITSU TaLS 185 VYN i | MEBAL2 v pat
HITACHI Tt 1 1 [HDMaLaS, WOosss | .
T At o
g d
MITSUBISHI R = = -
NEC et
)
TOSHIBA .’
Electrical Characteristics SN54LS145/SN74LS 145
FFUNCTION TABLE
absolute maximum ratings over operating free-air temperature range 145
Suopy voiage. Voo v Operating free-air | SNS4LS|  —S5°C 10 125°C" .. INPUTS OUTPUTS .
i : temperatwe range | SNI4LS 0°C tw 70 R Pllo W 2 S & B 7 8
. Storage (mpera‘ute. rarge ~E5'C 0 150°C €60 Lk Lo HGQH 4 H AW 0 H M
¥ 3 e L b Rl 6 H HHHHHHH
recommended operating condilions 2 L LA LIN H L H B H HHHH
SNS4145 | SN741as ko L U H MR M ML H M HHAH
MIN  NOM MAX : MIN NOM MAX ! . el e e g, S P W LS
Supoly voltage. Voo 35 137 7Ss]4Nl s Wi O R Skl el % Rl O B L]
01f-state output voltage 4 5 IST 7 6 H e s . o pi BN W B M W
Operating free-air temperaturs. T 5 ~55 125] 0 0} C R WRATIRGH BN pr= R Kok
? H 4
electrical characteristics over recommended operating £ S Ugeiiytl W, FEEHCO R L B
free-air temperature range L—L FLOURUSE = n ArH gt H L
N ML ot He O Bl N W W
PARAMETER TEST CONDITIONS ¥ MIN TYP1 MAX [ UMT SN ) W N e
ViH __ High-level input voitage 2 L g HoAPRI AN H W g W OH OH R
Vie Low-level nput /oitage 0.8, v i WA IR o o Mo A w0 N
vy Input olamp voltage VEC =V, l)= - 18mA =iy H H H L[H H A B H H HH A A
Nco=MN, {P“"‘"m‘ 2.1 3 H o H B HIH H M H H M H R
Vil =2v.
V0(on) On-state output voltage Vi =08V [uo(,,.)-znm 03 0| V H=xgn level {of1). L =low ievel{on)
VCC=MIN, V=2V,
Vo(ott) Ott-siate output vuitage 5 » s i
o1t . Vi =0.8V. lo(ott) =250uA Functional Block Diagram
" Ingut current at maximum Voe =MAR, Vis 1y e I\ =
ingut voltage — OUTPUT O
W High-level input current Voo =MAX, V=2 4V 20) ~A o A 15 L
iy Low-level inpul current Vog =MAX. V=04V -0.4; mA i> . | 2 :
- CUTRUT ¢
y: Ve =MAX. | SnsaLSies ¥ ~ Bt P i
cc Supply current A ey - 31" :
tpLM Propagation oelay time.'ow-to %0 | = ;—D— ouTRUT 2
high-ievel output Voo =5V. Ta=25C ! 1
By % B =457 . £ 4
fE-o3; Prcpagaion deiay tme. nigh: CL=4%7. R =665 507 7is NPUT S & > ° — QUTRUT 3
10-10w-level Ouipul ! i
s 7 . [
Pin Assignment (Top View) L4 T ] uTPUT 4
(D - INPUTS QuTPUTS {
P ~ - = . - e .l%‘ UTPUT S
" " " " 7 " " ., ?
: - LO JUTPUT §
Iy ) c o 2 ) == B outeiry
INPUT D —{>= P
BCD-TO-DECIMAL -1
ouTPuLT 3
0 1 2 3456789
"
I][JI I! ‘—@_wkuv,
) 5 "145 BCD-TO-DECIMAL DECODER DRIVER
[ 2 3 . s . 7 [ :
L : : 3 s S8, OND  pogitive fogic :
ouUTPUTS see funcuon tapie | NOTE: Icc 1s measured with all irputs grounded and oulpu's open

t Far ocondiuons shown as MIN or MAX, use the appropriate value specified under 1ocommended operating conations for the appricable type

2 ANl typcal values are at Voo =5V, T4 =25C.
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54244 /74244  Octal Buffers/Line Drivers/Line Receivers

Schttky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL

Package ¢ Package > ! -Package Package 2 Package
. T

C P IMEF Device Type CIPIMEF Device Type TP IMCE CIPIMEF Device Type CIP MEF

Device Type

Device Type

=] O

- SNS4L S2ud g
Al 8 ]

ENTAL ST N

FAIRCHILD

MOTOROLA

NS C

PHILIPS

SIGNETICS r

SIEMENS

440

FUJITSU = i 1

HITACHI - ;

MITSUBISHI

NEC - : |

TOSHIBA . } ]

Electrical Charactenistics SNS54L.S244/SN74L.S244

sbsokte maximum ratmgs cver operatmg free-air lempe range Pin Alssignment (TOP View)

Suoo'y vollaoe. VCC W | Opeatng tree-ar SNMLS | 85°C 1c 125°C
Inout vortage S Sv 1emperaiure range SNWMLS; ©C c 10°C

Interem tier voiiage S 5V €1080¢ temperaiue ranac 1 e8C 10 150°C @
reccmmended operatmg condiions
LS54L5244 SN74LS244 s
MIN NOM MAX I MIN NOM MAX

Suooy voltage VCC 45 ] 55]a8 S s8] v P—— X 3 LR
.gh-ievel oulput Gurrent 10 12 1] mA ANt aininioinigl
Low-leve! oulpul current. 10 1 12 24, mA
Operaing free-ar tempe-ature Lo sy 1251 0 0P

electrical characteristics over recommended operating
free-air temperature range (unless otherwise noted)

t7 /

i dbasd);
&

J
T
SN74LS l:1> )
PARAI T I’
RAMETER TEST CONDITIONS 1 WMIN_ TYP§ MAX UNIT ég A
PSPt wea viiege ! Y Ut 00000030307
ViL Low-leve' mout vo'lage 0.8 v AT W TWS ¥
Vik _ Inout came votage NCC=MIN, 1= - 18ms 5 SNSALS244 (J SN74LS244 (J, N)
Hysterens(VT « - VT - ) VEC =MIN 0.2 04 \4
VCO=MIN, ViH=2v, P
ViL =V mex 10K =~ ImA a4 3.
- High-leve' outpu! vo'lage v
VCC=MIN. ViH=2V, ®
VIL=0.5V. 10K =MAX
vee=MIN. g, =12ma ‘04
VoL  Low-leve! outps! voltage Vim=2Vv, v
Vi =V mas | lp =24mA 0s
T e R voc=Max |vo=2.7v 2
Off-stete owiout current. A llak ; wh
10ZL  jow-leve’ voitae apoiec Vi =Vi mas [VO =0 &V - z
5 'i'wult :":n! al maxmo~ VCC=MAX, V=7V 2T wa |
o npu! ge i
¥ 4 i
T :‘”’WQ-‘;I nout eurrent. IVee =MAX, V=23V 2| wa
L Low-ievel imput current VCC =MAX, Vi =0 av -6 2] mA
108 Shori-circut awiput curren @ VCC=MAaX - 40 -225| mA
1Duts ™ H Al 1
{ Outouts w'Vcc‘““ 3 23
4L 7
foo Suoii Burren Outputs low LS2 2 46 i
e Outputs ooen
Sssbied LS2a4 2 54
switching characteristics. Ve 5V. Ta 25C
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT -
Propsgation deiay tme. 2
LM b--urhmc,ww » Ui~
- Propagation deiay tme, CL=a5%F, R =6670, i
{l &
'PHL g tc-low-teves cutput See Note 2 2 o e 3
IPZL  Output enedie time 10 low leve" 20 x| ns 2
1PZH  Outpu! enabie me 10 or ieve’ [ 2| ns
Output & sadie time 8
PLZ  grom low level CL=S0F,  R_=8670, 4
Outpu! Gsabie bme See Note 2
PHZ from tagh level l 10 8] ns
1 For conotions shown as MIN o MAX. use the aporopriate value hed under W CoOnaLons 3

SAN typcal vaives are 81 Vog SV Ta 25C 3 |
@Not more than one outbu! ShOUC be Shoriec a1 @ ime. and Guralion of The Short-Crow! Should not exceed one second -
NOTE ' 2 " Load orcst and vollage wave forms are shown on page 3-11
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