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81 TB{:lN .... 

0000'" 
0003" 
0006'" 

0007'" 
0007/ 

OOOA'" 
00(1)'" 

OOto·" 

001:;::'" 
001:3 ." 
00:1.4···· 
OO:l~5'" 

001:5'" 

ClOt::::··' 
001'7"" 
00:1. B'" 
00:1.[1'" 
00lF'" 

002:;;::'" 
00::::::2'" 
00::2:3 .. ' 
0026'" 
0027'" 
0029'" 
002A'" 
()():~~ri ... 

CD 0000:: Oi:j. 
CD 0013'" 

21 0000 ~ O~5 

CD 001:3'" 
:2: ~:~ () () () () r, () (:, 

C:3 0000 ~ 07 

C:D 00:::::5 .. ' 

79 

FEA~:' 
20F.(:;' 
11 L~OOO 

D:5 
CD OO::::~5 .. ' 
Dl 

71 
7':;) 

" F'r:i:EL 
.. I DENT B I TBAI\1I3 
"INSERT B8EQU.ASM 
.DEFINE WASTE[TIME.%LABJ=[ 
i"lVl (-),Tlf"lE 
DCI;: 
.JRNZ %LABJ 

Bf-iNGER=991·-j 
'~HHHH*, 

; BIT BANGER 10 PORT 

·ll· 

* COMMAND TO READ BLOCK INTO MEMORY 

'lHHHHi-

·If· 

C?-)L.L 
T!;:;TVFF:t~ 

TAPGET 
R:3TF I I\l 

{I, L..OAD P!::;:OGnAI"1 INTO l"IEI"IOHY 

-lHHHH!' 

LOADC: ~ 

LXI 

CALL 
!:;;I-·IL[I 
,J!"lP 

H, TEXT4* 

TAPGET 
TXTUNF"M' 
C:LFi::;:;CI;::j:l' 

* READ BLOCK INTO MEMORY 
* HL=READ ADDRESS 
{j. 

·lH·HHHl· 

T (..~lPOE:T :: 
PUSH 
DI 

CAL.L. 
CH?'nACTEF~ 

1'1(1) 

OJ::;:!:: ADDFi: 
" • Cl-·jHL. ~ 

• .JFi: Z 
CPI 
..JHNZ 
LXI 

PU::::H 
CI-iLL 
POP 
.JRZ 
I"IOV 
1"1(1) 

:;:;;TA)( 
Ol\l SCREEN 

D 

A,C 
" ,,:3ENW 
O(.'.:J~;H 

... !::;ENlAj 
D.4000H 

D 
II'.!CHAR 
D 
.... DONE 
1'1, C 
P"C 
D 

HL=TEXT AREA START ADD 

SET !'.iEt,J TXTUI\IF 
ENTER CLEAR TO END 

AWI~ I T SI::::NT I NEL 

DE:::::FEEDBACK :::;1" 

GIVE 
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002(:'" 

OO:;;:~D'" 

002F'" 
00::::0'" 
(l():::::~:: ", 
t)()::'::~:: .. ' 
00:3:3'" 
00::::4, ", 

()()~~i~5 ", 

00::::::; ,,' 

() () :::: :::: .,' 

OO::::B" 
00:3[1'" 

0040'" 
(lOLl,:I, " 
0041.1-0' 
() t) il ~:::; .,," 
{) () ,.e:~" 7' ... 

() () L~ I:;;; .", 

OO.l:I,';'? 

()~) ~{i· C: .,' 
()() il~:::: .,' 
()OLt,F ", 

OO:51.~" 

(i()!:::i:3·" 

00:56'" 

()()5:] .... 

OO~if.'i"· 

00:5B'" 
OO!:iD'" 
O()!:5F'" 

0060'" 

1:3 

CBA2 

18FO 

FB 
III 

01 0::;:10 

OD 

()F' 

("7 -I., 

r:'.JB 
OF' 
:::;OF4 

::m 
20FD 
DB9'~1 

AB 

E60:l. 

INX 
ADDH 

I;:E8 
OOOH-'4FFFH 

INX 

" . DONE:: 

'!!"lj"I!-'Il"* 

11' 

E1: 
POP 
1=(1:.1" 

D BUI"lP FEEDBACK 

CONSTFU4 I N TO 1.\ 

H 
.. "CJ-II::;:L 

* SUBROUTINE TO INPUT A CHARACTER 
* RETURNS CHARACTER IN C 
* AND STATUS OF NONZERO UNLESS A TIMEOUT HAPPE 

NED 
* IN WHICH CASE ZERO STATUS IS RETURNED 

:; ·jl 

; ·11, ~!, {I, iI, {( 

I !\!CH(..)r:~ :: 

''1''[ 

1.... X I 

,J':;~~,I Z 
r;:E.T 

Pt!\Lf; 
,..JNZ 
11\1 
XF~('~ 

,_,lI:;~NC 

L~ {-):3 T I::: 

+- 1"11,,'1 
+""OOO:t~ DCH 

ED 

,JPNZ 
IN 
XHA 

ANI 
PZ 

II\IBIT 

" "OETL 

INBIT 

" "OI'::TL 

8=BIT eTR. C=TIMEOUT F 

NOT YET - nCR TIMEOUT 
IF CCrUNTED DOi,.,jN 
j::;:ETUHN ZE::r=i:O ;~;E:T 

E: I -r (iCI"r 'rei C:\{ 
~::::;t-·j J F"'T !\j"rcu C: l .... ~r] 

INBIT TO EAT THE STOP BIT 

:l ':iH 
A 
INIT()t* 
Bf:1NOEF~ 
f" 

.. " I I\!B~,J 
:30 

A 
" ,,0001 J 
BANGEH 
r' 

:I. 

C:l-H:::CI< FOH ADorn 

WAIT UNTIL SAMPLE POIN 

COMPARE TO OLDER STUFF 

o IF TRAN!3I'TrON 

WAIT UNTIL MIDDLE 
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006:=: .' 
0065"-
006.:':.··· 
001::..::;: " 
0069'" 

006A'" 
006A'" 
006B'" 
(lObE'" 
0071'" 
0072 " 
0074'" 
007!5" 

0077'" 
0077'" 
007A'" 
007B" 
007C'" 
007D'" 

0071::'" 
007F'" 
00:30'
OOBi .,' 
OO::;:{4·"· 
008t.··· 
OO:~39'· 

OOE:A" 
OO::':::B" 
OO:::C'" 
008C'" 
00::;:[1'" 
0090'" 
0092'" 
009!S'" 
009:::'" 
009B" 
009(:'" 
009D" 
009E'" 

:::;:E:LD 
:3D 
20FD 
::::C: 
(:9 

D5 
2A (H) () () : (It;. 

l:l 0000: 05 
A7 
ED!52 
EB 

CD OOOO~ Oll· 
1::'''''' 
1 .... ·_' 

CF 
2[: 
20 

D7 
7C 
B5 
CA 0000: O'~) 
CB7C 
1-'''-' _.,1::. 0000::09 
2'~ 

EEl 
E:3 

F::;:: 
CD OOD7'" 
OEA!5 
CD OOAC'" 
CD OOAj,'" 
CD 00[17'" 
FE! 
D:L 
F7 
C:3 OOOO:OA 

OF NEXT CYCL.Er.· 
-I- MVI A,29 
+ •• 0002: DeR 
+ .JF<NZ 

; *-11 .. 11·-11'-11· 

'Il-

INR 
RET 

A 
•• 0002] 
A 

* COMMAND TO WRITE OUT THE PROGRAM 

+ 
+ 

'11-

SAVEC= ~ 

; '!I'*'*'** 
* 

PU:::H 
LHLD 
LXI 
ANA 
m:mc 
XCHi3 
. .JMPR 

D 
TXTUNF# 
D,TEXT# 
A 
D 

SAVEE 
HL=ADDR.DE::::SIZE 

* COMMAND TO WRITE OUT A BLOCK OF WORDS ON TAP 

* PUT variable,#words 

PUTC= ~ 

CALL 
F'U::;H 
TSTCC 
. BYTE 
• BYTE 

TSTVFF# ; GRAB A VARIABLE 
H 
COI'IWIA, BAD:::,AV[ 
CCWII'1A 
B(-iDSAV- .. -1 

1 

+] 
I:;~!:n 

1"10 V 
o !:;: A 
,JZ 
BIT 
.JNZ 
DAD 

XCHG 
XTHL 

SAVEE: 
DI 
C('~LL 

"'WI 
CALL 
CALL 
C(~LL 

EI 
POP 
RST 

BADSAV: .JMP . -!I'**-lHI' • 

H::::TEXP 
(4. H 
L. 
G!l .. ·IOW# 
7,H 
G!HOW# 
H 

GET NUMBA OF BYTES 
REJECT BIZARRE VALUES 
LI!<I:. zeHO 

OR NEGATIVE VALUES 

CONVERT WORDS TO BYTES 

~ C:OUNT::::DE 
STK=SCAN. HL=START 

LEADER WRITE OUT LEADER 
C.OA5H WRITE SENTINEL 
OUTBYT 
WRBLOC AND DATA BLOCK 
LEADER ; THEN TRAILER 

D 
RSTFIN 
GlWHAT# 
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OOA:L'" 
OOA:l.··· 
OOA:L'" 
OOA2" 
OOA5'" 
OOA6" 
(lOA7'" 
(lOA::::'" 
OOA~;I" 

OOAB'" 

OOAC" 
OOAC" 

OOAF'" 
00B1" 
00B2" 
00B4'" 

00B6'" 
00B8'" 
OOBA'" 

OOBD'" 
OOBF'" 
(lOCO" 
00(:2'" 
00C4'" 

00C4'" 

00C7" 
00C9'" 
(lOC?'" 
OOCC"-
OOCC·-
OOCE:" 

oorl1 " 
OOD::::'-
00D4"-

4E 
CD OOAC'" 
23 
:LB 
7A 
B3 
20F6 
C9 

CD OOF7" 

~3Ef:::: 
:;m 
20FD 
060::;: 

(:B09 
~:8C)A 

CD 00F7" 

:3El~: 
::::D 
20FD 
:L::::08 

CD OOED'" 

::':E2A 
3D 
20F[I 

lOE8 
CD (II)ED" 

3E2B 
3D 
20FD 

-1\. 

* SUBROUTINE TO WRITE OUT BLOCK OF BYTES 
* HL=LI8T. DE=. OF BYTES 

* *·I}*·It* 
WRBLOC~ 

• "BYTL= 

* 

I"IOV 
CALL 
INX 
DCX 
iYlOV 
OHA 
.JRNZ 
I=i:ET 

C,I"I 
OUTBYT 
H 
D 
A,D 
E 
". BYTL 

* WRITE OUT A BYTE ONTO TAPE 

* * THIS ROUTINE IS TIME SENSITIVE! CHANGE CAREF 

+ 

ULL.Y! 
; * 
~ '11-**** 
OUTBYT: 

T 

IT[ 

+ •• 000:::::: 
+ 

TS 

CALL. 

WASTE 

1"1 V I 
DCR 
.JRNZ 
l"IVI 

WRZEI=i:O WI=i:ITE START BI 

19 ; FINISH ST'ARf- B ,.-

A.19 
A 
• .OOO::::J 
B, ~! ; WRITE OUT :~::: BI 

... WRL : F~I:;:CR 
.JRC 
CALL 
WASTE 

C ; SHIFT NEXT BIT TO CY 
•• WRl BRANCH ON BIT VALUE 
WRZERO THIS GUY ZERO 

+ MV! 
+ •• 0004~ DCR 
+ .JRNZ 

.JMPR 
• "WR:L = 
; WRITE ONE BIT 

19[ 
A,19 
A 
• .. 0004] 
". WI::t:E 

CALL WRONE 
WASTE 42[ 

+ MVI A.42 
+ •• 0005~ DCR A 
+ JRNZ •• 0005] 

u • WRE= 
D.JNZ 
CALL 
WASTE 

+ l"IVI 
+ •• 0006: [fCR 
+ ... ...JRNZ 

• .WRL 
WRONE 
43[ 
A .• 4:::: 

• .0006J 

LOOP TILL BYTE DONE 
WRITE ::;;TOP BIT 
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00D6~ 

0007' 
0007' 
OODA' 

OODA' 
OODC' 
OODD' 
OODF' 
00E2' 
00E3' 
00E4' 
00E5' 

00E7' 
00E9' 
OOEA' 
OOEC' 

OOED' 
OOED~ 

OOEF' 
00F1' 
00F2' 
00F4' 
00F6' 

00F7' 
00F7' 

00F9' 
OOFB' 
OOFe' 
OOFE~ 

0100~ 

C9 

01 OE10 

3E28 
3D 
20FD 
CD OOED' 
OB 
78 
81 
20F3 

3E2A 
3D 
20FD 
C9 

0399 

3E2E 
30 
20FD 
0399 
C9 

0399 

3E17 
3D 
20FD 
D399 
C9 

RET 
SUBROUTINE TO WRITE OUT 3 SECONOS WORTH OF LEA 

~R 

LEADER~ 

LXI 
.. LDR1: 

WASTE 
+ MVI 
+ •• 0007: OCR 
+ JRNI 

CALL 
DCX 
MOV 
ORA 
JRNZ 
WASTE 

+ MVI 
+ .• 0008: DCR 
+ JRNZ 

R8 

8.3600 

43[ 
A.43 
A 
•. 0007J 
WRONE 
8 

C 
.. LDRI 
42[ 
A.42 
A 
.. 0008J 

; SUBROUTINE TO WRITE 1 HALF CYCLE OF A ONE BIT 
; 1/1200 SEC 
WRONE~ 

OUT BANGER 
WASTE 46[ 

+ MVI A.46 
+ •• 0009: OCR A 
+ JRNZ .• 0009] 

OUT BANGER 
RET 

SUBROUTINE TO WRITE 1 HALF CYCLE OF A ZERO BIT 

1/2400 SEC 
WRZERO= 

OUT 
WASTE 

+ MVI 
+ •• 0010: DCR 
+ JRNZ 

OUT 
RET 
.END 

BANGER 
23[ 

A 
.. 0010J 
BANGER 
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BAD:::;AV 009E'" BANGEFi: 00':;'9 
BOTRClI"l 2000 BOTSCF~ BC20 
C 01'11'1 A 002C CR OOOD 
EDI<EY 006.6 CiETC 0000'" I 
I NCHAF;: 00:;:5'" INITO 000(1: 0::;: X 
L.EADER 00D7'" LDADe 0007'" I 
OUTBYT OOAC'" PUTC 0077'" I 
G!WHAT OOOO:OA X RSTEXP 000:2 
RSTIGN 0004 R::':;;TOCH 000:3 
RIJBOUT OOlF SAVEC 006A'" I 
STFBCT OOFC TAPEIO 0012 
TEXT OOOO~05 X TOP::"CR BFFF 
TXTUNF 0000=06 X WRBLOC OOA1'" 
It.JRZERO OOF7'" • BLI\IK .. 0000:: 0:::: X 
" PI=\:OG. OlOl ,,- X 

F'?iGE6 

BOTI=i:AI'1 ::::000 
CLRSCF( 0000:07 X 
DF'TLMT BCOO 
INBIT 004':;"" 
!<EYB!:;Z ()()~~~::: 

!\ILLI\! (l()~.7 

G!HOW OOOO:()9 X 
R::rrFIN 0006 
I=\:STPAF< 0005 
SAVEE OOHC'" 
TAPGE:T 0Ol:;'~-'-

T::nVFF 0000:04 X 
WRONE 00/::[1" 
• DATA • 0000-11- X 
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0200 

11:::00 
:LE01 
1EOO 

0200 

020() 

()::;~{):J 

0206 

0209 
r:)~;:()B 

020(: 
(§::;~{)i= 

0214 
(~:;~ 1,1:) 
():~:::t °7 
() :~:~ :I. i::~ 

() ~~~ 11~?t 

02:1, C: 
O:-;::ID 

02:,:1 

()::~~:2ll

() ~~:~ :;';': f~~~ 

~) :~:: :2~ +7 
() ::;:: ~:: :::} 
() :~:: ~:~ C: 
022D 
() :~:: :2: F~ 
02:30 

01 0::::1.0 

CD 0219 
:~::004 

OD 

CD 0219 
DC 0219 
CB19 
lOF'6 

3Pt :U::OO 

~5F:' 

:31::1 1EOO 
iCiB 
OF 

20FD 
:3 PI lE::OO 
AB 
E601 
OF 

41=' 
CD 027B 

:::[1 

20F[I 

u LOC: 2001'1 
.. I DENT B(')NGEF< 

.. PHEX 
BANGIN = IEOOH ; BIT BANGER, READ PORT 

.BANGI = lE01H ; BIT BANG CODE TO WRITE A ONE 

+-

BANCil) "= I EOOH ; BIT B(.}ING CODE TO I-JR I 'fE (.) ZERO 
.DEFINE WASTECTIME.%LABJ=[ 

!"IVI A. TIlvjE 
DCF< (.~ 
,..IF;:!\! Z f.,L.AB] 

;INCHAR CLOBBERS A. BC. DE 
INCHAR: ;Nl IF NO TIMEOUT. Z IF TIMEOUT. 

CH(")F< I !\l C 
LXI B,810H ;8 BITS. 10=TIMEOUT FACT 

OH 
.. SBW: CALL INE!T 

,JF<NC "" GET!... 
Dcr;: c 
,_.1 F;~ I\l Z "" !::; B t·J 
HET 

.. GETL: CALL INEIT 
CC INBIT 

D,JI\lZ •. GETL 
XF;:j~) p, 

INBIT: LDA BANGIN 
01"1 f.1BOVE 

!'10V E::. (4 
.• INBW= LDA BANGIN 

,JFi:I\IC "" I NBW 
Wf-'i::;;TE ::::0 
i"IV 1 A, ::::0 

;WAIT FER START BIT 
!JOOTIT 
; T I !'1E:OUr? 
;l\lOT YET 
• Z :3ET 

!; RE:TtJRI\I 
;GET BIT/EAT STOP BIT FR 

;WAIT FOR TRANSITION 

,NO 
;WAIT FOR SAMPLE POINTe 

'+'. " 000:1.:: DCI~ A 
+ ,JF<NZ ". 0001 ] 

LDP, BA!\IGIN 
Xf~A E 
ANI :!. 

!'It)\;' 1.. .. , H 
OUTBYT: CALL WRZERO 

WA!?:nE 1. ':;' 
+ MVI A.19 
+. "OOO:2~ DCi::;: A 
+ JF<NZ •• 0002J 

;COMPARE TO OLDER 

1 ~mlTE !;::T?-)RT BIT 
;VERY TIME SENSITIVE[ 
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023A 
02:~:C 

024;::: 
02Lj·~5 

024.::. 

024f-l 

024D 
02Ll·F 

O:;~:~:;i7 

():~!5l? 

O:?5A 
02~::iC 

O~~:5D 
02(:.() 

0260 
(~ ;~~ ~:I :;;: 
() ::;: (:' :::: 
C)::?l~::I:::j 

i):2(:,t) 

() ~~=~ (::1 f:':i 

026B 

026[1 
0261~7 

0270 
():2~'7:2: 

CB09 
:::::::()A 
CD 02713 

3D 
:20FD 

CD 027:3 

:JD 
20FD 
lOE:::! 
C:D 027:::: 

3E2B 
:::::0 
20F[I 

01 OE:l.O 

20FD 
CD 027:::: 
OB 

Ell 

::~:D 

20FD 

20FD 

!"IV I B, :::: 
.... ~JRL:: HRCH C 

. .:tHC " .. WFi:l 
Cf~Ll WFUEF~O 
WASTE 1.,:;;,[ 

+ MVI A,19 
-I" .... 000::::::: DCli A 
+ JRNZ ... 0003J 

.jl"IPI=i: " .. L.JRE 
•• WR1: CALL WRONE 

WASTE ..:j·2[ 
+ .!"IVI A,4·2 
+" .. 0004·:: DCI::;: A 
+ JRNZ .• 0004J 

•• WRE= DJNZ ... WRL 
CALL WF~ONE 
~.JA!3TE 4·:3 I: 

+ MVI A.43 
.. !- .... 0005:: DCi::;: A 
+ .JRN Z .. " 000:5] 

RET 

; WRITE :::; BI'r:::; 
;NEXT BIT TO CARRY 
;IF ONE. WRITE ONE 
1 EL.:::;E WFnTE ZERCI 

~ LOOP COUNTJ::F< 
!) WRITE ONE·-BIT 

;TILl 8 BITS DONE 
; ~JR I TE :::::TOP BIT 

;lEADER CLOBBERS BC AND A 
LEADER: LXI B.3600 ;3 SECS OF lEADER 
.. LDRl: WASTE 43[ 

+ MVI A.43 
+. ,,0006:: DCF: (:::) 
+ JRNZ .,,0006] 

C:?-)LL \,.jRONE 
[lex B 
I"IOY ?1. B 
c!!~{.)c 

.,.,IF:NZ " .. L.mu. 
w A!::: TE: 42 [ 

+ MYl A.42 
+ .... 0007:: DC!:;: A 
+ JRNZ ... 0007] 

F.:ET 

;LEADER IS ALL ONES 

;WRONE WRITES ONE HALF CYCLE OF ONE-BIT (1/1200 
SEC) 

WRONE: lDA BANG1 
v.J('~!::;TE 22 

NTO .. " .. I:: 
+ MVI A.22 
+ ... 000:::::: DeFi: PI 
+ JRNZ •• 0008] 

WASTE:: 46 
LDA BPiNGO 
RET 

;CHANGE ITS STATE 
; WAIT SOME. THEN FALL I 

;CHANGE STATE AGAIN 

;WRZERO WRITES ONE HLAF CYCLE OF ZERO BIT (1/240 
o ;:::I:::C:) 
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027B 

027E 
02:30 
02::':1 

02E:6 

:3A :1I::0:L 

20FD 
:3A l.EOO 
C9 

WRZERO= LDA BANG1 

+ MVI A,23 
+ ... 0009: DCI::;: A 
+ JRNZ .• 0009] 

LDA BANGO 
F~ET 

"END 

PAGE 3 



TDL Z80 CP/M DISK ASSEMBLER VERSION 2.21 
SANGER -
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BANGO lEOO BANG1 lEal 
INBIT 0219 INCHAR 0200 
OUTBYA 0231 OUTBYT 0232 
WRZERO 0278 . 8LNK. 0000= 03 X . PROG. 0000' X 
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BANGIN lEOO 
LEADER 025D 
WRONE 0273 . DATA. 0000* X 


