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d.2 PROGRAM FOR MASTER UNIT

+ORG OO0O0OO0OH

SETDATA .EQU
ONRELAY .EQU
RELAYTX .EQU
HOOK + EQU
DISTX . BQU
ONBUSY «EQU
RSTDTMF EQU
TIME330 .EQU
TIME1 +EQU
TlMé4 « EQU
TIMES +EQU
TIMEIO. . EQU

OFFH
O2FH
O6FH
OF7H
OBFH
ODFﬁ
37H
O1H
03H
OFH
13H

26H

, $DATA SET BIT TO HIGH
$DATA ON RELAY & CONTROL HOOK
$DATA ON RINGING
$ DATA CONTROL MONITOR
1DATA DIS~TX
$tDATA TO CONTROL BUSY TOMNE
JRST DIMF & DIS TX
§ DATA TIME 330 mS
$DATA TIME 1 SEC
$DATA TIME 4 SEC
tDATA TIME 5§ SEC

$ DATA TIME 10 SEC

8 00 S 3 3 S 66 I3 K 363 3 9 36 39 5 O o 3

MAIN PROGRAM

338 I I 68 I8 I 3 36 3 5 363 395 33 3 996 0 3633 o

DIS 1!

START

MOV A,#SETDATA

+ORG OO10H §START ADDRRSS

OUTL BUS,A

$SET A TO HIGH

t DISCONNECT LINE

INIT CALL DELAY20M jDELAY 20 m$S

MOV A,#SETDATA

IN A,P1!

CPL A

$SET A TO HIGH
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0036

003s
003A
0038
003C
003E
0040
0041

0042

12

B2

04

23

02

00

BD

09

00

a2

14

23

ED

14

23

09

52

72

23

02

00

23

BD

09

0]0)

32

1F
6A

13

BF

03

25
A9
FF
25
AD

FF
10

5F

2F

FF

07

40

AIRCRAFT

JBO CALLING }IF P10=0 -->CALLING

'JB5 RINGING IF P15=0 -~>RINGING

JMP INIT $LOOP IF NOT USE TEL.

§ AN I I T IR K
CALLING MOV A,#DISTX {SET DATA TO DIS-TX
OUTL BUS,A $DIS-TX LATCH

NOP

MOV R5,#03H  $COUNTER STB=3

STBX IN A,P1 {READ STROBE

NOP

JB1 STBX 1 LOOP IF NO STROBE

CALL DELAY330 {WAIT KEY = 330 mwS

MOV A,#SETDATA

DJNZ R5,STBX $LOOP UNTIL STB=3

CALL DELAY1 IWAIT

MOV A,#SETDATA

IN A,P1 $ READ PASSWORD

JB2 START $ PAGSWORD NOT MATCH JUMP

JB3 MONITOR ;BUQY JUMP

MOV A,#ONRELAY {DATA CONTROL RELAY & MONITOR
OUTL BUS,A }CONTROL RELAY,TX,HOOK SW,

NOP

MOV A,#SETDATA

MOV R5,#07H  jCOUNTER TEL NO.

STB2 IN A,F1 jREAD STROBE AGAIN

NOP

JB1 STB2 § NO STROBF LOOP

17



0053
0054
0055
0056
0057
0058
0059
0060
- 0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078

0079

0044

0046

0048

004A

004C

004E

004F

0050

0052

0054

0056

0057

0059

005B

005D

005F

OOSF

0061

0063

0064

0066

0068

006A

006A

006C

006E

0070

14

23

ED

14

23

09

a7

F2

BD

14

09

12

04

ED

04

23

02

14

ED

04

BD

BE

14

09

AS
FF
40
BS

FF

FA

cC

84
54

Al

DF

ccC
63

10

FaA
02

cc

AIRCRAFT

CALL DELAY330 §WAIT KEY = 330 mS
MOV A, #SETDATA

DJNZ R5,STB2 {UNTIL 7 NUMBERS
CALL DELAYS

MOV A,#SETDATA $SET A TO HIGH

IN A,P1 $ READ TONE
CPL A
JB7 BUSY $} BUSY TONE JUMP

MOV R5,#0FAH {DATA TIME DISPLAY 5 SEC
WAIT2 CALL DELAY20M

IN A,P1

JBO WAIT3

JMP RTHROUGH

WAIT3 DJNZ R5,WAIT2

JMP NTHROUGH |

§ 360 RS 3 3R 36 I 3 S8 I 56 3 6 36 06 90 56 0 0 3 o 5k oo
MONITOR MOV R5,#0FAH §DATA OF SOUND 5§ SEC
MOV A,#ONBUSY §DATA CONTROL BUSY TONE

LOOPM OUTL BUS,A t CONTROL ON BUSY
CALL DELAY20M
DJNZ R5, LOOPM JUNTIL 5 SEC

JMP START

§ 0 I 6 6 K063 6 0K o K
RINGING MOV R5,#0FAH §DATA DISPLAY 10 SEC
MOV R6,{t02H

RINGD CALL DELAY20M

IN A,P1

18



0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
01083
0104
0105

0106

0071
0072
0074
0076
0078
007A
007C
007C
007E
0080
0082
0084
0084
0086
0087
0089
0089
0088
008D
008F
0091
0092
0093
0095
0097
0099

0098

a7

ED

BD

EE

04

BD

14

ED

04

23

02

04

BE

BD

28

14

09

a7

D2

23

EE

BE

23

6E
FA
6E

Al

FA
cC
TE

10

6F

83

FA
02
FF

cC

89
FF
8F
FA

FF

AITRCRAFT 19

CPL A
JBO RTHROUGH "~ $JUMP IF GET THROUGH
DJNZ R5,RINGD $DISPLAY UNTIL § SEC
MOV R5,#OFAH
DJNZ R6,RINGD JUNTIL 10 SEC
JMP NTHROUGH tELSE NOT GOT THROUGH

B IRAEIHE NI I NI TN I IEA NI IR
BUSY MOV R5,#0FAH  }DATA TIME DISPLAY 5 SEC
BUSYX CALL DELAY20M §{DISPLAY "BUSY"

DJNZ RS5,BUSYR® JUNTIL 3 SEC

JMP START

B 3RS A I I I I 36630336 36 96 333 R o
RTHROUGH MOV A, #RELAYTX

OUTL BUS,A  j0UT PORT LATCH

JMP THROUGH

§ I I 6 I 60620 36 25 6969 696 K o o 36 3 9 3

/

THROUGH MOV R6,#0FAH

MOV RS, #02H

MOV A,#SETDATA

LOOPTH2 CALL DELAY20M

IN A,P1

CPL A

JB6 THROUGH t DURING COMM LOOP
MOV A,#SETDATA

DJNZ R6, LOOPTH2 $NOT COMM 5 SEC
MOV R6,#OFAH

MOV A,#SETDATA



0107

0108

0109

0110

0111

o112

0113

0114

0115

0116

0117

o118

0119

0120

0121

0122

0123

0124

0125

0126

0127

0128

0129

0130

0131

o132

0133

008D

009F

00A1

00A1

0O0A3

O0AS

00A7

00AS

00AS

00AS

00A9

00A9

00AB

OCAD

OO0AF

00B1

00B3

O0BS5

00B7

00BS

00BB

00BD

OOBF

00cC1

0oc3

00C5

00C7

gD

04

BD
14
ED

04

BC

04

BC

04

BC

04

BC

04

04

BA

BB

EA

BA

EB

BB

1Y

10

96
cc
A3

10

01
BD
03
BD
OF
BD
13
BD

26

BD.

FF
C1
FF
Ct

FF

AIRCRAFT

DJNZ RS, LOOPTH2 §UNTIL 10 SEC

JMP START

§ AT I I3 26T 3 36 3 2630 3 306 9 T 020 0 3
NTHROUGH MOV RS5,#96H tDATA DISPLAY 3 SEC
LOOPNT CALL DELAY20M tDISPLAY "SORRY™
DJNZ RS6, LOOPNT IDISPLAY UNTIL 2 SEC
JMP START

B G666 0000606 60600060606 36 90 TR 36 98 9 98 708 36 0236 96 0 08
tThis case 1s the delay time used X-Tal 10 Mhz
t Time = Cycle # Data % 0.5

§ T IR A I T IR 6 26 9 2T 90 7 33636000 06 6 9 3
DELAY330 MOV R4,#TIME330 (DELAY 330 mS

JMP DELAY

DELAY1 MOV R4,#TIME1 $DELAY 1 SEC

JMP DELAY

DELAY4 MOV R4,#TIMRE4 $DELAY 4 SEC

JMP DELAY

DELAY5S MOV R4,H#TIMES $DELAY 5 SEC

JMP DELAY

DELAYIO MOV R4,#TIME10 §DELAY 10 SEC

JMP DELAY

DELAY MOV R2,#0FFH

MOV R3,#O0FFH

LOOPD DJNZ R2,LOOPD

MOV R2,#0FFH

DJNZ R3,LOOPD

MOV R3,#0FFH

20



0134

0135

0136

0137

0138

0139

0140

0141

0142

0143

0144

tasmi

00C9

00CB

00cCcC

oocc

OOCE

oobo

oon2

ooD4

00D6

ooDp7

oob7

EC

83

BC

BB

EC

BC

EB

83

C1

28

Do

FF

DO

DJNZ R4,LOOPD

RET

!

DELAY20M MOV R4,#OFFH
MOV R3,#28H

LOOP20 DJNZ R4,LOOP20
MOV R4,#0FFH

DJNZ R3,LO0P20

RET

i

«END

Number of errors = 0

120 mS

AIRCRAFT 21
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3.3 TIMING DIAGRAM 1995841

f+ CALLING FROM SLAVE

CALLING TONE 0

PASSWORD 0

MONITOR )

CONNECT LINE 0

s1n 3 TIMMING OF CALLING FROM SLAVE
- <
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Qﬂﬂzﬂﬁ 3 fw TiMMING nqsﬁwoﬂuﬂaosuuuqun7&ﬁ§nﬁwa-
\58NLYIMY  CPU 98999 CHECK  dannaiileeinnis  IN PORT
3 + 'D v 1 v v v
AINUUNT  CHECK  PASS WORD degnnoqw7a1u ﬂﬂ%ﬂﬂ@ﬂ@s1ﬂ
snmiiy  Low #a237 CHECK MONITOR TELEPHONE #7130
- & yu
} P ) o8 ) r- ) ) '} ] 1} v [ 3] Cl'
1ﬁqﬂ1&u1avwouia1u AARIEIY ule LOGIC Low ﬂozﬂn 3

o )
CPU A9t®9 CONNECT LINE 1@

2. RINGING TONE

RINGING TONE 0

CONNECT LINE o

51N 4 TIMMING OF RINGING TONE
o

ﬂ' ﬁ o aa‘av o
INTUN 4 LYy TIMING AITNIUNTUNNAAN UL TENIINATY
v A
v ¥ t LY 1 ﬂ'l v
usniyruInI|’INY Y Tﬂﬂwﬂumduutua CPU %3779 CHECK L0RU -
o -

&d ° v v o
UIUUNIENINITG CONNECT LINE 1ﬂﬂ0 SLAVE @d51Un 4
he L]
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. unn 4

PHONE PATCH

NOQ¥ANITNI9IUYSBY PHONE PATCH

TRANSHIT 0/P
AHPLIFIER | tRawsmiT
(K] "] aupto eate
TRANSHIT UOICE OPERATED SWITCH | S
et e L T T T P 1
] ]
PHONE 1/P | ;
' DRIVER 1 AMPLIFIER | DETECTOR X
' (1) 1 w2 1 a» )
t 1
L T T L T T T ey oo
1 » ANy ;
1. ]
] 1
(]
[} ‘ ]
; ; TRANS-VOX(PTT)
|l - oy I L
-V I !
(049,41) ' 04,5,60 [+
]
becaccoc|cocannencnecnanene 4
4 CH3
RECEIVE VOIEC OPERATED SHITCH
| it A AL R AL R L LR R R PR 9
R 1P | {¢)g RX-U0X
' DETECTOR | sHITCHES ]
' €Q42) 1 013,14, 19 :
]
! | 1
Leccneccans SO, R 3 K- E W1 2

31n s BLOCK DIAGRAM OF PHONE PATCH UNIT
L |
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&

i

iqwnzﬂﬁ 5 §7UUD9  TRANSMIT VOIGCE OPERATED SWITCH
1

Usendunae

- DRIVER Q1)

- AMPLIFIER (Q2)

- DETECTOR (Q3)

- SWITCHES (Q4,Q5,Q6)
WAEAIUVDY RECEIVER VOIVE OPERATE SWITCH senounae

- DETECTOR (Q12)

- SWITCHES (Q13,Q14,Q15)

L

1 4
ﬁﬁﬂﬂ?ﬂﬂﬂﬂﬂﬂﬂﬁ?09708U131ﬂﬂ0u
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Transmitter

Condition (Voltage)

Receiver Condition (Voltaga)

11

f

a#| B o E Q#| B C E Q#| B c E Q#| B o E
1

{

Ql1|5.40{11.8({4.80| Q38|0.04] O 0 Q1{5.40{11.8{4.80| @9|0.70] 0 | o

i

Q2[{0.68|5.80/0.03(Q10|0.70( O 0 Q2]0.,685.80/0.03|@10{ O 3.20; 0
Q3/11.8{3,20|11.2]{Q11{1.10{0.47{ © @3{11038]| o 11.2{Q11| © 0.32 0O
|

Q4|0.6410,09| O @12|11.4}{2.20110.2{Q4{ O 6.00( 0 Q12(11.6]10.4(11.0
@5/0.07|6.20[0.04]Q13]0.90!6.60] 0O @5{0.72{0.04} 0 Q13{0.64|0.04| 0

%
@as|o.78|0.05| O Q14}0.72{0,05{ 0O Q@6{0.04(12.6| 0 Q14(/0.03!6.,30( O
j
|

Q7{0.94(5,20|0.27{Q15{0.058|7.60{ O Q7/0.94(5.20(0.27|Q@15(0.76] © 0
|

d@8|0.04| 0 0 Q16| - - - @s8|{o0.70| © 0 Qie| - - -
!

zﬂﬁ 7 WARIANTIINITNIIIUYDY Transistor Q1-Q15
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N1TNI97UD92997 PHONE PATCH aﬂnzﬂﬁ 6 FIWITAUYINNT
Mermeeniiu 2 dau ae
t. luanviy  TRansMIT %ctﬁﬂawnﬂ17ﬂauﬁqumtﬁﬂqLﬁwﬁ PHONE
UNIT
2. AN RECEIVER iAnainnisdoudansi®eetd % re  1npUT
WAL 300 mV rms.  Feldan OUTPUT AMPLIFIER 194

tﬂ?@q%u?nq
N9 91U LUENIIE TRANSMIT

. 2997 DRIVER Tngodde a1 (flu aMPLIFIER VI HAYYININ
o
PHONE INPUT %3 AMPLITUDE me%u  wasderoly a2
L}
2. @z (fu amPLIFIER UBIIA WL A 9RD9IN Q1 was oy

lﬁﬁ?ﬂ%? DETECTEQR Tﬂﬂ?vﬁﬂﬂad TRANSMIT VOICE OPERATED

SWITCH SIGNAL %upsfy Rt FedrurTorsuanle
L
} 14 3

3. 7999 DETECTEOR 9A8 Q3 MITEAU DG BIAS 991 BASE 19
Mo11.8 V. uneiSofidan mi S dunn e PHONE [NPUT A
o v ° » o v o ﬁ
v % a3 anuwquﬂsvuaTﬂ N1 1% VOLTAGE $on ¢ i
3.2 v,

4. 1iloN COLLECTOR %99 Q3 \§u HIGH (3.2 v.) N 192999
SWITCH Q4 "ON", Q5 "OFFO", Q6 "ON"
5. 130 COLLECTOR uD9 Q6 "ON" 9y 3uyn TRANSSTOR SWITCH

59 PTT 1ﬁﬁun1ﬂéovaotﬂ?aaé03nq
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6. Lip COLLEGTOR 59y a6 mops M as,a9 145 Bias
Wl a8,a9 "oFF"  5¢liiAannT BY Pass fno Revudy-
WML EEIINYINATIVDY RY WHANITONIY R27,08 {1yl
U2 BASE 493 Q7 16 Was Q7 9v AMPLIFIER st de el
wivlin  ud COUPLING' Ayt §6998AN19 COLLECTOR gy
C9, R34 umy R37 99NN 9Y7 TRANS OUTPUT Vo fu

AUDIO Naviq 1y MoDuLATE Wunwﬂéowaotﬂ?aoéoﬁnq WYy AM

no 1y

7. lusasfior ¢ ves a3 (fu Logic HIGH (3.2 V) oufii 1, fs
FORWARD BIAS fiyn BASE Q10 Way Qi1 n1¥ifin BY pass
Rt FEefun9an Rx INPUT 89 GROUND i I Ll Ry
Vg9 diusancia, Ra7  lUfie pHONE 1npuTlE Founei ﬁg
ﬁoﬂaotﬂéaoTnﬁﬁwﬁqutﬁﬂu

8. C7,R15,R16 uav JU1,JU2  (ilu DROP OUTPUT TIME |SoSe

) v
L3R I%AY  TRANSMIT VOX FeauNTan g laan JU1, Juz 5ozﬂ

]
23

n 8
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Voltage lugnine

ﬂmvﬁtﬁuﬁqum Sine ﬂ?WNEIOOO Hz YU 15 mVrms ﬁ Input

3999 Phone Patch 7ﬂﬁ 7 Transmit
v

Phone In

Uat Voltage 1uﬂﬂﬂﬁu

Receive ﬂmvﬁﬁ8u5QQWm

Sine @340 1000 Hz YY§ 300 mVrms N Rx Input

Jumper Status

Drop Out Time Transmitter Receiver
JU1 JU2 Jusg JU4
1.0 Sec In In In In
1.5 Sec Cut In Cut In
3.0 Sec Cut Cut | Cut Cut

gﬂﬁ 8 Uany Delay

Time 994 Transmit

VOX uat Receive VOX
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ANTN1 9 I N@NIE RECEIVER

t. dganidee9n Rx INPUT aesinu R40,011  lUfeun BASE o4

a1z Feiiluaeas DETECTOR OVdn L R aTA T I A
[-] v o . v o v

% @12 gwrTeihTeuale firl%e7 COLLECTOR wp9 Qiz
yAY 10.4 v

L{9U7 COLLECTOR %99 Q12 $@A1 10.4V a1 187997 SWITCHS
Q13 "ON",Q14 "OFF" Way Q15 "ON"

\No a1s "oN"  auinldun coLLEcTorR (u Logic Low (0 V)
[] v

| o N -v ]
v ld @10 wae a1t 1o Bras $11% @10 wav Qi1 vopEe NaA
v

T -3 L4 ot ; 5
Solaltfinn17 BY PASS woedanimideeiunann Rx INPUT oty

) v
dgnot 891900 Rx INPUT % qudau R38,R39,C12,R4Z,
R44,C13,R47  [1ffly PHONE INPUT N DT TR T CTRL 0ty NI
49

a. L ¥ L %) (
tAT095u TnTAwn
LN9UY C wpe Q15 iy LOGIC Low AN I CR4 CONDUCT
ﬁ ves . on o v
uwa 1t BASE woe a4 1Py 0 v,a4 59 oFF LaEn 1% as
nonv uf 90 @6 g "OFF"  aundnganlR8999n Rx INPUT

LRIl
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Tuwef a6 "orre avinliun ¢ ilddseanm 12.6 v. Feau
Tdiiu ForwarD B1as % @8 uas ao % as,as vone fq
é Soi ¥ dagaai feefianainen ¢ ves a7 an BY PASS @y
croUND  t Hlunaria W laifdana i Besan  pHONE InPUT 20N
N1997 TRANS OUTPUT 499 PHONE PATCH INPUT 3l¢

AWMTY C14,R53,R65,JU3 uay JU4 tJud1uw092997 DROP OUT
T IME %oaugotaaq51w¥u RECEIVER VOX T 2a700n Ty
Bnumeniia (ﬁaﬁq@nmtﬁﬂoawn Rx INPUT wigldud  Fednia-

81 DELAY  HaviFuuneldain Jus wasJua 5omw7101uzﬂﬁ 8
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TRANSCEIVER 27 MHz

SPECIFICATION 1989 TRANSCEIVER

1.0PERATING FREQ

2.MODURATION Wuu AM - MOD

3. TRANSMITTER RF POWER
4,SENSITIVITY
5.SINAD

6., POWER SQURCE MAX

27.125 MHz #1i CITIZEN BAND
Tnaiiivod 1 7udn 7 MOD MAX 0%
% AUDIO 1 KHz 0 dB 1/p

2 WATT / 50 Ohm LOAD

2 uv.

~15.2 dBm § 2 AV.

10 WATT

34
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N9

97AE Q8, Q9, Q10 uar X-TAL1 1a8in191nenuses
X-TAL1, Q8 uav L4 \fur997 oscitLaToR A Sinaaue
27.125 MHz COUPLING ponmiy L4 Sesofy caz viw Tune
TANK CIRCUIT @ SIGNAL ponmne SECONDARY iauly aso d71
a8 1@ BIAS 31n R27, R28 Was R26
@9 fminfi iy bRivER Amp U3l AMPLITUDE WA7 COUPLING
NI% L-C COULPING (L7,c36) 1U1% a10 '3y AMPLIFIER noly
@10 viwiaiilu RF power ame Cwenedanae RF 1518 power
U7en®M 1-3 WATT ud2 COUPLING w14 HARMONIC FILTER pan
ANTENNA qoly
HARMONIC FILTER 1ssnounie C€38,L5,C33,L6,C40 1an cas,
L5 fmifiiu SERIES TUNED RESONANGE Wav L6,C33,C40 ¥
winfi fua 995 PARALLEL TUNED RESONANCE (ioldainaia 27. 125

MHz  09n0InN1A 1A MAXIMUM  Wmesfin HARMONIC & 2,8,00. 18

o
=X ]

Toannae tﬁaﬂvuwﬁﬂ POWER uau1£1ﬂ7un1uﬂ§uﬂvﬂun U Uy
gani1 1% MODULATION TaiiiAm DISTORTION doe

AaN¥NENNT MODULATION  §y coLLECTOR MODULATION %ﬂﬂ
COLLECTOR %99 Q9 WA Q10 1pglHOPT(OUTPUT TRANSFORMER)

COUPLING AUDIO ﬁ15@1ﬂ 1C #MB3712
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COMPRESSION uas AUDIO POWER AMP

anzﬂﬁ 10 (iur933n19ir e nTee COMPRESSION AMP AND
AUDIO POWER AMP  afunai Jusumoudes
1. U1,Q2 uay Qi tﬁuévuﬂssnouﬁwﬁqudevoaf COMPRESS ] ON
ap Tasf ui tJudnwas Low NorsE amp Fariawun GAIN A2g

. w q |
R6 Uav R7 A9aun1T919819% Ao

Av = 1 + R6
R7

OUTPUT €47 7)¥99 Ul 9y COUPLING ®u R8,C8,D1,D2,
R9,C9,c10  Vyfiaun BASE w99 az Fe @z WNINUTINAY Qi
(w2995 AuDIO aGc tﬁaﬂvuqu7uﬁuﬁqq1mﬁ INPUT 47 3 w9
Ut AN AMPLITUDE  MAXIMUM  8iR% | mV rme. Tusmsd 1n-
PUT (TRANSMIT INPUT) 3 SIGNAL Lﬂgﬂuuﬂaoquﬁvo 2 mv -
! Vrms. %oasﬁ11ﬁ15785u5qumaanawn OUTPUT 91 7 %p9 U7
Usvane 0.67 vrms.  TaglaiiAe DisTORTION (nAsouRAINE
I KHz SINE WAVE)  gonuSemuin MAXIMUM dB SIGNAL §ld

9INI997 COMPRESS AMP ﬂﬁuﬂ“nﬁ?ﬂjqéﬁq ﬁa

dB = 20 log V2
V1
20 log 0.76 V.,
0.001V,

57.61 dB.
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2. TRANSMIT INPUT 989 COMPRESS AMP 9uf9L911ly TRANSMIT
OUTPUT ¥9979%9F PHONE PATCH UNIT AwIduas OUTPUT g7 7
199 Ul 9emeenu C16,R11 fdun 2 wee vz Feidu aunio
POWER AMP |% POWER 99nmne OUTPUT ¥1 8 1Teym 2 WATT 7
LOAD 8 ohm uau1ﬂt§ﬂoﬂ73uwm 12 V. OUTPUT 97 8 9oy U2
A CbUPLlNG “ c15 U9 OPT (OUTPUT TRANSFORMER) 489n7@
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10.5 79995 PHONE PATCH
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'10.6 AUDIO POWER AMP AND COMPRESSION AMP
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10.7 SLAVE RADIO UNIT
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. 10.8 POWER SUPPLY
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C1

c2

C3

C4

C5

C6

C7

¢
7ﬂﬂnwsqﬂn7u

¢
TWﬂﬂﬂ?QﬂﬂTﬂﬂﬂ@?dQ? PHONE PATCH

CAPACITOR

0.001 uF 100
0.22 uwF 50
0.1 uF 50
0.22 uF 50
0.1 uF 50
0.22 uF &0
15 ufF 25
0.22 uF 50O
0.1 uF 50
0.1 uF 50
0.22 wuF 50
10 uF 50
10 uf 50
15 uF 50

100 ufF 50

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Qs

Q9

Q10

Q11

Q12

Q13

Q14

Q15

TRANSISTOR

NPN

NPN

PNP

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

PNP

NPN

NPN

NPN

MSE670

M9584

MS571

M9570

Ma570

MS568

MS570

Ma528

Mo528

M3570

M8570

Ma571

M857Q

Ma570

MS570

AIRCRAFT
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RESISTOR 1/4 W. 5 %

R1 PRESET 25 K ohm R21 5.6 K ohm

R2 27 X ohm R22 47 K ohm

R3 27 K ohm R23 680 ohm 1/2 W,
R4 1 K ohm R24 680 ohm 1/2 W,
RS 33 ohm R25 4 K ohm

R6 150 K ohm R26 1 K ohm

R7 27 K ohm R27 12 K ohm

R8 10 ohm R28 47 K ohm

RS9 1.5 K ohm R23 100 K ohm

R10 12 K ohm R30 100 K ohm

Rti 3.3 K ohm R31 2.2 K ohm

R12 2.2 K ohm R32 10 K ohm

R13 680 ohm R33 47 K ohm

R14 150 ohm R34 330 ohm

R15 100 K ohm R35 10 K ohm

R16 100 K ohm R86 47 K ohm

R17 120 K ohm R37 15 K ohm

R1is 100 K ohm R38 820 ochm

R19 47 X ohm R39 PRESET 1K ohbhm

R20 ohm R40 6.8 K ohm

[31]
[2)]
=
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R41 4,7 K ohm R56 100 K ohm
‘R42 { K ohm R5T. 470 K ohm
R43 47 K ohm RSE8 5.6 K ohm
R44 330 ohm RS9 5.6 K ohm
R45 4.7 K ohm R60 47 K ohm
R46 47 K ohm R61 680 ohm 1/2 w,
R47 1 K ohm R62 47 K ohm
R4s8 12 K ohm R63 33 ohm
R49 3+3 K ohm R64 680 ohm 1/2 W,
R50 150 ohm R65 22 ohm 172 w,

RS1 2.2 K ohm

R52 680 ohm

R53 100 K ohm

R54 120 K ohm

R55 100 K ohm

DIODE

CR1 1N4148
CR2 IN4148
CR3 1N4148
CR4 IN4148

CRS IN4148 ' "



Ul

u2

Ql

Q2

R1
R2
R3
R4
R5
R6
R7
RS
RO

R10

R12

COMPRESSSION AMP u@dy AUDIO POWER AMP

¢
7?9ﬂ179ﬂﬂ7ﬂ807§91

INTEGRATED CIRCUIT

M 2028

LM 380N

TRANSISTOR

M 9570

M 9570

RESISTOR

150

180

100,

100

470

K

K

K

ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

PRESET 4.7 K ohm

2.2

ohm 1/2 W,
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of
c2
c3
c4
C5
c6
c7
of:

C9

Dt

D2

CAPACITOR
0.001 uF
0.05 uF
0.22 wuF
0.002 uF
22 uF
0,01 uF
0.01 uF
0.22 uF
10 uf
0.001 uF
100 uF
0,001 uF
1 uf
0.1 uf
100 uF
1 ufF
DIODE
1N4148
1N4148

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50
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National .
Semiconductor

October 1980

INS8048-Series Microcomputer/Microprocessor Family

General Description

The INS8048/49/50-Series microcomputers and the
INS8035/39/40-Series microprocessors {hereinafter
referred to as the 48-Series) are sell contained, B-bit
parallel, 40-pin, dual in-line devices fabricated using
National Semiconductor's scaled N-channel, silicon gate
MOS process, XMOS. The 48-Series devices contain the
system timing, control logic, ROM (where applicable)
program memory, RAM data memory and 27 I/0 lines
necessary to implement dedicated control functions. All
48-Series devices are pin compatible, differing onlyin the
size of on-board ROM (where applicable) and RAM as
shown below:

DEVICE RAM ARRAY ROM ARRAY
INS8048 64 x 8 1K x 8
INS8049 128 x 8 2K x 8
INS8050 . 256 x 8 4K x 8
INS8035 64 x 8 N/A
INS8039 128 x 8 N/A
INS8040 256 x 8 N/A

The devices are designed to be efficient controllers. They
have extensive bit handling capability as well as facilities
for both binary and BCD arithmetic. Efficient use of
program memory is derived from an instruction set
comprised predominantly of single bytes. The remaining
instructions are two byfes in length. Additional external
memory may be added up to a maximum of 4K byles of
program memory and 256 bytes of data memory without
paging.

Features

m  §-Bit CPU. RAM, ROM, I/0 in Single Package

2.5 usec Cycle. 6 MHz Clock; 1.36 usec Cycle.

11 MH2 Clock

On-Chip Osciltator Circuit and Clock
(or External Source)

27 1/0 Lines

Expandable Memory and 1/0

8-Bit Timer Counter

Single Leve! Interrupt

Interrupt has Schmitt Trigger with Hysteresis®
Over 90 Instructions (Most Single Byte)
Binary and BCD Arithmetic

Single -5V Power Supply

Low Standby Power Mode"*

Low Voltage Standby (2.2V Min)*

On-Chip Battery Charging*

*NOTE: Transparent improvements over industry
standard part.

48-Series Block Diagram

ROM® RAM
(4096 Bytes)! |1024 BYTES 64 BYTES | (256 Bytes)!
PROGRAM DATA
(2048 Bytes)2 MEMORY MEMORY | (128 Bytes)?
-
A Y
[ INTERNAL BUS ]
A A
Y 4
8-BIT 27
INTERVAL TIMER/ INPUT/OUTPUT
EVENT COUNTER LINES
y
»{g. 1-INS8050
cLock| °§¢T
< C 2-INS8049
12-8

“Not Appticable to INS8035/39/40
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" Absolute Maximum Ratings

Temperature Under Bias .......................... 0°C to +70°C
Storage Temperature.................c.cu..... -65°C to +150°C
All Input or Output Voltages with respect Vss . ..... -0.5V to +7.0v
Power Dissipation............o.oiviiiiinennnnninnni ., 1.5 Watt

NOTE: Absolute maximum ratings indicate limits beyond which
permanent damage may occur. Continuous operation at these limits
is not intended; operation should be limited to those conditions
specilied under DC Electrical Characteristics.

DC Electrical Characteristics

Ta=0° Cto +70° C, Vcc = +5V +10%, Vgs = OV, unless otherwise specified.

AIRCRAFT

Test Conditions

Symbol ) Parameter Min Typ Max Units
Viu Input Low Voltage (All except
XTAL1, XTAL2) -0.5 0.8 v
ViLs ) Input Low Voltage
(XTAL1, XTAL2) -0.5 0.6
ViH Input High Voltage 2.0 Vce v
ViHi Input High Voltage 3.0 Vee
(RESET., XTAL1, XTAL2)
VoL Output Low Voltage 0.4 V  lloL = 2.0mA
Vo Output High Voltage All 3,0 Vce V. llon =100 uA
except ports 1 and 2 .
Vo Port TTL 2.4 V. |lon =125 A
he input Leakage Current *10 #A |Vss SViN € Vce
(T1, EA, INT) '
loL Output Leakage Current (BUS, -10.0 #A |Vcc 2 VIN 2 Vss + 0.45
T0) (High Impedance State)
oD (64) 64 words on Standby Current (2) 2.5 mA {8048
oo (128) 128 words on Standby Current (2) 4.5 mA 18049
10D (2561 256 words on Standby Current (2) s 8.5 mA |8050
Ioo +lcc Total Supply Current 8048 30 65 mA |Ta =25°C
loo +icc Total Supply Current 8048L 25 40 mA |Ta = 25°C
lop +ice Total Supply Current 8049 32 70 mA |Ta = 25°C
lop +ice Total Suppty Current 8049L 30 45 mA |Ta =25°C
ipp +lcc Total Supply Current 8050 35 75 mA |Ta = 25°C
too +lce Total Supply Current 8050L 35 50 mA |Ta = 25°C
looc Battery Charging Current TBD mA [See Figure 5
Vbo Standby Power Supply 2.4 Vee V |See Figure 5

Notes: 1. The Series-48 family of parts are also available in Industrial Temperature Range -40°C to +80°C. tndustrial
Temperature Range versions are denoted with an | following the part number (i.e., INS8048-6XXX/NI).

2. The low power versions (L parts), and the Industrial Tem

available throughout the Series-48 Family.

perature Range () parts), are currently

A-4
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AC Electrical Characteristics - INS80XX-6 (1-6 MHz part)

Ta=0° Cto +70° C, Vec = +5V £10%, Vss = 0V, unless otherwise specified.

AIRCRAFT

Symbol Parameter Min Typ Max Units Test Conditions
L ALE Pulse Width 400 ns [Note 1
taL Address Setup to ALE 150 ns |Note t
tLA Address Hold from ALE 80 ns |Note 1
tcc Control Pulse Width

PSEN, RD, WR 700 ns |Note 1
tow Data Set-Up Before WR 500 ns |Note 1 T
twD Data Hold After WR 120 ns |CL =20 pF
tcy Cycle Time 2.5 15.0 #s |1 to 6 MHz XTAL
toa Data Hold 0 200 ns |Note 1
tRD PSEN, RD to Data In 500 ns |Note 1
taw Address Setup to WR 230 ns [Note 1
taD Address Setup to Data In 950 ns |Note 1
1AFC Address Float to RD, PSEN 0 ns |Note 1
tca Control Pulse to ALE 10 ns |Note 1

Port 2 Timing

Symbol Parameter Min Typ Max Units Test Conditions
tcp Port Control Setup before -

Falling Edge of PROG 110 ns | Note 1
tpc Port Control Hold after

Falling Edge of PROG 140 ns | Note 1
ter PROG to Time P2 Input

must be Valid 810 ns { Note 1
top Output Data Setup Time 250 ns | Note 1
trp Output Data Hold Time 65 ns | Note 1
tpr input Data Hold Time 0 150 ns | Note 1
tep PROG Pulse Width 1510 ns | Note 1
tpL Port 2 1/0 Data Setup 400 ns | Note 1
tLp Port 2 170 Data Hold 150 ns | Note 1

AC Electrical Characteristics - INS80XX-11 (4-11 MHz Part)

Ta =0° Cto +70° C, +5V +10%, Vss = 0V. unless otherwise specified.

Symbo! Para;neter Min Typ Max (Units Test Conditions
teL ALE Puise Width 150 ns [Note 1
1AL Address Setup to ALE 70 ns |Note 1
tLa Address Hold from ALE 50 ns |Note 1
tcc Eo_m_r_oiul_sie_Widlh
PSEN, RD. WR 300 ns |Note 1
tow Data Set-Up Before WR 250 ns |Note 1
two Data Hold Atter WR 40 ns |CL=20pF
tcy Cycle Time 1.36 3.75 us [4to 11 MHz XTAL
tor Data Hold 0 100 ns [Note 1
tRo PSEN, RD to Data In 200 ns_|Note 1

7€
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AC Electrical Characteristics - INS80XX-11 (Cont'd.)
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Symbol Parameler Min Typ Max Units Test Conditions
tAw Address Set-Up to WR 200 ns |Note 1
tap Address Set-up to Data In . 400 ns |Note t
tarc Address Float to RD, PSEN -10 ns | Note 1
tca Control Pulse to ALE 10 ns [Note 1
Port 2 Timing
Symbol Parameler Min Typ Max Units |Test Conditions
tce Port Control Setup before
Falling Edge of PROG 100 ns |Note 1
tec Port Control Hold after
Falling Edge of PROG 60 ns [Note 1
ter PROG to Time P2 Input
must be Valid 650 ns |Note 1
top Output Data Setup Time 200 ns |[Note 1
{-1s) Output Data Hold Time 20 ns |[Note 1
ter Input Data Hold Time 0 150 ns [Note 1
tep PROG Pulse Width 700 ns |Note 1
teL Port 2 /0 Data Setup 150 ns {Note 1
tee Port 2 170 Data Hold 20 ns | Note t
Note 1. Control outputs Cy. = 80 pF; Bus outputs C = 150 pF
Capacitance 1,- 25 ¢, vee = Vss = 0V :
Symbol Parameter Min Typ Max Units Test Conditions
Cin Input Capacitance 6 10 PF  lfc =1 MHz
Cour OUTPUT AND RESET
Capacitance 10 20 pF {Unmeasured pins
. returned to Vgg
Timing Waveforms
1
| ley
e ]
ALE __.{ tarc 'l i
PSEN tcc
— La I
i e I
BUS /M//m ADDRESS INST, W////‘ ; ;/
I |
' 1D !

instruction Fetch from External Program Memory

NOTE: Diagonal fines indicate

interval of high impedance.

12-138
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ae l

—

WR

tc |

k. vl .
ey

taw

|
sus ///////////X oo

| tow wo '
DA

TA %;;;;;;7/_;/

SS

Write to External Data Memory

ALE _I 1

12415

—

AD

|- ton

wos J1JTTTTTTIK oo

NOTE: Diagonal lines indicate
interval of high impedance.

| =%

tap

Read from External Data Memory
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AU /S
|._

ALE 1 fp
| PL | I : I top ilpo
EXPANDER
PORT 2 o- PORT
PORT X PCH )Q LMo M co»?mon. OUTPUT DATA X
OUTPUT
| |1 e T
EXPANDER
PORT PCH PORT 20-3 PORT | INPUT
INPUT DATA CONTROL DATA
]
| e cefde ] | |
PROG toc tep
F= e\ /
]
12-12
Port 2 Timing
+12v
l 4
EA __f ! FORCE FORCE
| ADDRESS ADDRESS
RESET ] L
—_— ADDRESS DATA OUT — NEXT NEXT DATA
DBo.7 (0-7) VALID VALID ADDRESS OUT VALID -
P20 -2 )Q ADDRESS (8-9)* VALID X NEXT ADDRESS VALID
'8049 = 8-10 Verily Mode Timing 12-13
8050 = 8-11

78
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Functional Pin Description
INPUT SIGNALS

Resel (RESET): * Anactive low (0) input that initializes the
processor and is used to verily program memory. (See
note #1.)

Single Step (§§): Active low (0) input which, in con-
junction with ALE, can single step the processor through
each instruction,

External Access (EA): An active high (1) input that
forces all program memory fetches to reference external
program memory.

Testable Input 0 (Tq): Testable input pin using con-
ditional branch functions JT0 (To 1) or JNTO(To - 0). Tg
can be designated as the clock output using instruction
ENTO CLK.

Testable Input 1 (T1): Testable input pin using
conditional branch tunctions JT1 (Tr=1) or INTI(T) =
0). T1 can be designated as the Timer/Counter input from
an external source using instruction STRT CNT.

Interrupt (m’?): An active low input that initiates an
interrupt when interrupt is enabled. Interrupt is disabled
alter a reset. Also can betested with instruction JNI (INT
0). (See Note 2).

OUTPUT SIGNALS

Read Strobe (ﬁ): An active low outpul sirobe activated
during a Bus read. Can be used to enable data onto the
BUS from an external device. Used as a Read Strobe to
External Data Memory.

Write Strobe (ﬁ): An active low output strobe activated
during a Bus write. Used as a Write Strobe to External Data
Memory.

Program Store Enable (PSEN): Anactive low output that
occurs only during an external program memory fetch,

Pin Configuration

ToJ1e \_/ a0 ]vee
XTAL1[ ]2 [T
XTAL2(]3 s Jp27
RESET []4 37 jpa2s

§8[]s 36 [ ] P25,

INT s 35 ) P24
EA[]7 NS [ Jp17
AD s NS8048 33 ) pqg
PSEN( o ::::g;g 2[]pPis
WAL]10  |yssoas 31 1P14
ALE [T]11 INssoag  30[ ] P13
DBo[]12 INS3040 29[ p12
DBy (] 13 28 P11
DB2 (|14 27 P10
0By []15 26 [ vop
DBs [} 16 25[ ] PROG
Des [ J17 24 Jp23
DBg (| 18 231 p22
D8y ({19 22 ] P21
Vss[}20 21{J P20
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Address Latch Enable (ALE): An active high output that
occurs once during each cycle and is useful as a clock
output. The negative going edge ol ALE strobes the
address into external data or program memory

Program (PROG): This output (active high) provides the
output strobe for INS8243 1/0 Expander.

INPUT/OUTPUT SIGNALS

Crystal Input (XTAL1, XTAL2): These two pins con-nect
the crystal for internal oscillator operation. XTAL1 is the
timing input for externafl source.

Port 1 (P10-P17): 8-bit quasi-bidirectional port.

Port 2 (P20-P27): 8-bit quasi-bidirectional port. During
an external program memory fetch, the four high-order
program counter bits occur at P20-P23. Theyalsoserve as
a 4-bit 170 expander bus when the INS8243 170 Expander
is used. (See note 3).

BUS (DBo-DB;?): True bidirectional port, either statically
latched or synchronous. Can be written to using WR
Strobe. or Read from using RD Strobe, During anexternal
program memory fetch, the 8 lower order program
counter bits are preset at this port. The addressed
instruction appears on this bus when PSEN is low. During
an external RAM data store instruction. Tﬁporl presents
address and data under control of ALE, RD, and WR.
Vss: Processor Ground potential.

Voo: Voo functions as the Low Power Stand-by Voltage

and can vary from 2.2V to 5.5V.
Vcc: Pin 40: Primary Power Source for 48-Series
Devices.

Functional Description

The following paragraphs contain the funchionat
description of the major elements of the 48-Serics
microcomputer/microprocessor. Figure 1 is a block
diagram of the 48-Series devices. The data paths are
illustrated in simplified form to show how the various logic
elements communicate with each other to implement the
instruction set common to all devices.
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Program Memory

L}
The Program Memory (ROM) contained on the
INS8048/49/50 devices is comprised ol 1024, 2048 or 4096
8-bit byles, respectively. As is seen by examining the 48-
Series instruction set, these bytes may be program
instructions, program data or ROM addressing data. The
ROM for the above devices must be mask programmed at
the National Semiconductor factory. The ROMless micro-
processors, INS8035, INS8039 and INS8040 use external
program memory. This makes program development
straightforward using standard UV erasable PROMSs to
emulate a possible future single chip (using the on-board
ROM) system. ROM addressing, up to a maximum of 4K_ is
accomplished by a 12-bit Program Counter (PC). The
INS8048 and INS8049 will automatically address external
memory when the boundary of their internal memories, 1K
and 2K respectively, are exceeded. The binary value of the
address selects one of the8-bitbyles contained in ROM. A
new address is loaded into the PC register during each

AIRCRAFT ¢

instruction cycle. Unless the instruction is a transfer of

control instruction. the PC register is loaded with the next
sequential binary count value.

With reference to the Program Memory Map (see Figure 2)
there are three ROM addresses which provide for the
control of the microcomputer.

1. Memory Location 0000 - Resetting the Reset
(negative true) input to the microcomputer forces the
first instruction 1o be letched from address 0000.

2. Memory Location 0003 - Asserting the Interrupt
(negative true) input to the microcomputer {when
interrupt is enabled) forces a jump to subroutine.

3. Memory Location 0007 - A timer/counter interrupt
that results from timer/counter overflow (when
enabled ) forcing a jump to subroutine.

[ 4095
2048 . SEL MB1 (2048-4095)
B 2047 SEL MBO (0-2047)
1R M
[ 1023
Qo
[":3
&
0
z M
4 (-3
o 3 )
2| 2| 2 <«—— ADDRESS 0007 - TIMER/COUNTER
w z 2 7 INTERRUPT VECTOR
g| 5 ¢
= 8
« z
a| =z 5
z| a
z 4
3 3 ADDRESS 0003 - EXTERNAL
<¢—— INTERRUPT SUBROUTINE
2 VECTOR
1
0 716)5(4|3]2 0 }«— ADDRESS 0000 - )

ADDRESS

RESET VECTOR
12:2

FIGURE 2. INS8048/49/50 Resident ROM Program Memory Map
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Data Memory (RAM)

The resident RAM data memory is arranged as 64
(INS8035/8048), 128 (INSB8039/8049) or 256
(INS8040/8050) bytes. RAM addressing is implemented
indirectly via either of two 8-bit RAM pointer registers R0
and R1. These pointer registers are essentially the first
two locations in the RAM (see Figure 3), addresses 000
and 001. RAM addressing may also be performed directly
by 11 direct register instructions. The pointer register
area of the RAM array is made up of eight working
registers that occupy either the first bank (0), locations (0
to 7), or the second bank (1), locations 24-31. The second
bank of working registersis selected by using the Register
Bank Switch instruction (SEL RB). If this bank is not used
for working registers, it can be used as user RAI\'/I.
There is an 8-leve! stack after Bank 0 that occupies
address locations 8 to 23. These RAM locations are
addressed indirectly through RO, R1 or the 3-bit Stack
Pointer (SP). The stack pointer keeps track of the return
address and pushes each return address down into the
stack. There are B levels of subroutine nesting possible in
the stack because each address occupies 10 bits or more
using two bytes in RAM. When the level of subroutine
nesting is less than 8, the stacks not used may be utilized
as user RAM locations.

255

127

63

-
[
7]
m
n
2
>
=

3230
31

DIRECTLY
ADDRESSABLE
WHEN SELECTED

ALTERNATE
REGISTER AND RC

POINTER
REGISTER] 5,

23

STACK REGISTER ADDRESSED
OR INDIRECTLY
USER RAM 8Y
16x8 R1 OR RO

BANK 0
WORKING
REGISTERS

~ o

DIRECTLY
———————— ADDRESSABLE

- - = — —— = 4]

POINTER
REGISTER

12-3

FIGURE 3. 48-Serles Resident RAM Data Memory Map

Input/Qutput

The 48-Series devices have 27 lines ol input output
organized as ihree. 8-bit ports plus three tes: inputs The
three ports may he used as inputs. outputs or bidirectional
ports. Ports 1 and 2 differ from port 3 (Bus Port) in that
they are quasi-bidirectional ports. Ports 1 and 2 can be
used as input and output while being statically latched If
more 1'O ines are required. Port 2can also serve as a 4-bit
/0 bus expander when used in con-junction with the
INS8243 | O Expander.

Vce

LATCH STANDARD TTL

FIGURE 4. Input/Qutput Options
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The bus port is a true bidirectional port and is either
statically latched or synchronous. It can be written to
using WR strobe or read from using RD strobe. During an
external program memory fetch; the B lower order
program counter bits are preset at this port. The
addressed instruction appears on this bus when PSEN is
low. During an external RAM data store instruction, this
port presents address and data under control of ALE, RD,
and WR.

Transparent iImprovements

National has made some additional improvements to the
standard industry parts. These include a battery charging
circuit, and interrupt pfn with hysteresis. Also, these
improvements are transparent to the user. See Figure 5.

Power Down Mode

During the power down mode, Voo which normally
maintains the RAM cells. is the only pin that receives
power. Vcc, which serves the CPU and ports is dropped
from nominal S volts to 0 volt, after the CPU is reset, so
that the RAM cells are unaltered by the loss of power,
When power is restored, the processor goes through the
normal power-on procedure.

Battery Charging Circuit

All 48-Series devices contain a circuit to provide external
battery charging capabilities. Power for all on-board
circuits are provided by Vce (pin 40). As shownin Figure 5
under normal operating conditions the RESET inputis a
logic high holding the internal switch in the closed
position. Veg is supplied to the program selectable
portion of the RAM arrdy through the closed contact of
the internal switch. The normally closed contacts of the
switch also provide charging power to the external NiCad
celis. In the event of power failure, the RESET pin mustbe
pulled low before Vee drops below 4.5 voits in order to
guarantee the RAM will not loose data. When the RESET
pin becomes a logic low (0V) the internal switch is forced
to the open condition. DC power to sustain the desired
RAM data is provided by the two NiCad batteries

(approximately 2.2 volts). Normally, approximately 5 volts
are required to provide RAM data protection in the event
of a power failure. National's innovative advances in
NMOS technology provide the user with a RAM that
requires 50% less voltage and 10% of the power to protect
data during power failure. The on-chip charging circuit
and lower RAM power requirements provide the user with
a twofold saving: no external circuits required for the
battery charging and only 2 NiCad cells as opposed to the
normal requirement of 4 to 5 NiCad cells.

Vce
409 +sv
6P < =1 —'—"——_""-——_']
[ P
4 — — =+ — 4 ARESET
Y; INT
ool SWITCH® I
2, |
! . b
| 1 { ]
' T
@ | | l ] |
NiCad —— | |
Cells : 0-63 | 64-127 | 127-256 :
GND |
T oL ___PAM I

FIGURE 5. INS8049 Battery Charging Circuit
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Instruction Set

Table 1 details the 96 instructions common to both the
microcomputers and the microprocessors. The table
provides the mnemonic. function and description,
instruction code, number of cycles and, where applicable,

flag settings.

Table 1 Instruction Set

AIRCRAFT 8.

FLAGS
MNEMONIC FUNCTION DESCRIPTION AC{FOIF1
CONTROL
EN1 Enable the External Interrupt input.
DIS | Disable the External Interrupt input.
ENTO CLK Enable T0 as the Clock Output.
SEL MBO (DBF) — 0 Setect Bank 0 (locations 0 - 2047) of
Program Memory.
SEL MB1 (OBF) — 1 Select Bank 1 (locations 2048 - 4095) of
Program Memory.
SEL RBO (8S) — 0 Select Bank 0 (locations 0 - 7) of Data
Memory,
SEL RB1 (BS) ~— 1 Select Bank 1 (locations 24 - 31) of Data
Memory.
DATA MOVES
MOV A, #data (A) = data Move Immediate the specitied data into
the Accumulator.
MOV A, Rr (A) — (Rr);r=0-7 Move the contents of the designated
registers into the Accumulator.
MOV A, @ Rr (A = ((R));r=0-1 Move Indirect the contents of data memory
location into the Accumulator.
MOV A, PSW (A) =~ (PSW) Move contents of the Program Status
Word into the Accumulator.
MOV Rr, #data {Rr) — data;r=0-7 Move Immediate the specified data into
the designated register.
MOV Rr, A {Re) = (A;r=0-7 Move Accumulator contents into the
designated register,
MOV @ Rr, A ((Rr)) *—(A);r=0-1 Move Indirect Accumulator contents
. into data memory location.
MOV @ Rr, #data ((Rr)) — data;r=0-1 Move Immediate the specified data
, into data memory,
MOV PSW, A (PSW) —'(A) Move contents of Accumulator into the el e
Program Status Word.
MOVP A @ A (PCO-7) — (A) Move the content of program memory
(A} — ((PC)) localiop in the current page addressed by
the content of accumutator into the
accumulator,
MOVP3I A @ A (PCO-7) —(A) Move the content of program memory
(PC 8-10) — o011 location in page 3 address by the
(A) —— ((PC)) content of accumulator into the
accumuiator.
MOvx A, @ n (A} = ((Rr));r -0-1 Move Indirect the contents of external
data memory into the Accumuilator.
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Table 1. Instruction Set (Cont'd.)
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FLAGS
MNEMONIC FUNCTION DESCRIPTION claclFolFt
DATA MOVES (Cont'd.)
MOVX i R. A {(Rr)) —(Axr=0-1 Move Indirect the contents of the Accumu-
lator into external data memory.
XCH A. Rr (A) = (Re):r 0-7 Exchange the Accumulator and
designated register’s contents.
XCH A. @i Rr (A} = ((Re)):r 0-1 Exchange Indirect contents of Accumu-
lator and location in data memory,
XCHD A. @ Rr (A0 - A3) = ({(Rr)) 0 - 3); Exchange Indirect 4-bit contents of
r 0-1 Accumulator and data memory,
TIMER COUNTER
EN TCNT! Enable Internal Interrupt Flag for Timer
Counter output.
DIS TCNTI Disable Internal Interrupt Flag ‘cr T.mer
Counter output.
MOV A T (A) —(T) Move contents of Timer/Counter into
Accumulator.
MOV T. A (T) —(A) Move contents of Accumulator in:o
Timer/Counter.
STOP TCNT Stop Count for Event Counter.
STRT CNT Start Count for Event Counter,
STRT T Start Count for Timer.
. ACCUMULATOR
ADD A. #data (A) = (A) - data Add Immediate the specified Data -0 of @
the Accumulator.
ADD A. Rr (A} = (A) - (Rr) Add contents of designated registzr to o e
fore=0-7 ! the Accumulator.
ADD A. @ Rr (A) = (A) - ((Rr)) Add Indirect the contents the data memory ol e
forr-0-1 location to the Accumulator.
ADDC A. #data (A) = (A) (C) : data Add Immediate with carry the specified ol
data to the Accumulator.
ADDC A. Rr (A) == (A) - {C) ~ (Rr) Add with carry the contents of the desig- ol e
forr=0-7 nated register to the Accumulator.
ADDC A. @ Ry (A} —(A) -(C) + ({Rr)) Add Indirec_t with carry the contents of ol e
lorr=0-1 dala memory location to the Accumulator.
ANL A, #data {A) — (A) AND daté Logical AND specified Immediate Data
. with Accumutator.
ANL A, Rr (A} == (A) AND (Rr) Logical AND contents of designated
forr=0-7 register with Accumulator.
ANL A. @ Rr (A) = (A) AND ((Rr)) Logical AND Indirect the contents of data
forr=0-1 memory with Accumulator.
CPLA (A) == NOT (A) Complement the contents of the
Accumulator,
CLR A (A) —0 CLEAR the contents of the Accumulator.
DA A DECIMAL ADJUST the contents of the .
Accumulator.
DEC A (A) — (A) -1 DECREMENT by 1 the accumulator's
contents.
INC A (A) —(A) - 1 Increment by 1 the accumulator’'s contents
ORL A #data (A) = (A) OR data Logical OR specified immediate data °
with Accumulalor.
ORL A, Rr (A) = (A) OR (Rr) Logical OR contents of designated
forr 0-7 register with Accumulator.
ORL A, @ Rr {A) = (A) OR ((Rr)) Logical OR Indirect the contents of data
forr Q-1 memory location with Accumulator.
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Table 1. Instruction Set (Cont'd.)
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FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES | C|ACFo|F1
ACCUMULATOR (Cont'd.)
RLA (An ¢ 1) = (An) Rotate Accumulator left by 1-bit without 1 1
forn 0-6 carry.
(A0} == (A7)
RLC A (Ant1) — (Anf;n 0-6 Rotate Accumulator left by 1-bit through 1 1 .
(A0) ~— (C) carry.
(C) = (A7)
RR A {An} = (Anti);n 0-6 Rotate Accumulator right by 1-bit without 1 1
(A7) = (A0Q) without carry,
RRC A (An) ==~ (An+1); n + 0-6 Rotate Accumulator right by 1-bit 1 1 .
(A7) — (C) through carry.
(C) — (A0)
SWAP A (A4-A7) = (A0 - A3) Swap the 2, 4-bit nibbles in the 1 1
Accumulator.
XRL A, #data (A) = (A) XOR data Logical XOR immediate specified data 2 2
with Accumulator.
XRUL A, Rr {A) ~— (A) XOR (Rr) Logical XOR contents of designated 1 1
forr=0-7 register with Accumulator.
XRL A, @ Rr (A) == {A) XOR ((Rr)) Logical XOR Indirect the contents of data 1 1
forr=0D-1 memory location with Accumulator.
BRANCH
DJNZ Rr, addr (Rr) = (Rr) -1: r = 0-7 Decrement the specified register and 2 2
it (Rr) 20; test contents,
(PC 0-7) “— addr
JBb addr (PC 0-7) “— addrit Bb = 1 Jump to specified address it Accumulator 2 2
(PC) —(PC)+2ilBb=0 bit is set.
JC addr (PC 0-7) — addril C = 1 Jump to specified address it carry flag 2 2
(PC) = (PC) +2if C = is set.
JFO addr (PC 0-7) *— addrif FO = 1 Jump to specified address if Flag FO is 2 2
(PC) = (PC) +2ifFO =0 set.
JF! addr {(PC0-7) — addrif F1 = § Jump to specified address if Flag F1 is -2 2
(PC) — (PC)+2ifF1 =0 set.
JMP addr ' {PC 8-10) — addr 8-10 Direct Jump to specified address within 2 2
(PC 0-7) *— addr 0-7 the 2K address block.
(PC 11) ~— DBF
JMPP @ A (PC 0-7) — ((A)) Jump indirect lo specified acdress pointed 2 1
. to by the accumulator in current
page.
JNC addr (PC 0-7) *—addritC = 0 Jump to specilied address if carry llag 2 2
(PC) == (PC) + 2ifC = 1 is low.
JNI addr (PC 0-7) — addrif! - 0 Jump to specified address if interrupt 2 2
(PC) —(PC) + 2it1 =1 is low,
JNTO addr {PC 0-7) *— addrit TO : 0 Jump to specilied address if Test 0 is fow. 2 2
(PC) — (PC) + 2i1TO 1
JNT1 addr (PCO0-7) —addril Tt 0 Jump to specified address if Test 1 is low. 2 2
(PC) — (PC)+ 2itT1 1 .
JNZ addr (PCO-7) *— addrifA /0 Jump to specilied address if accumulator 2 2
(PC) — (PC)t+ 2itA =0 is non-zero.
JTF addr (PC 0-7) *— addr il TF = 1 jump to specilied address if Timer Flag 2 2
(PC) — (PC) 1 2 TF © is set.to 1.
JT0 addr (PC 0-7) — addril TO 1 Jump to specified address if Test0isa 1. 2 2
(PC) — (PC)t2itTO O
JT1 addr (PC 0-7) — addrit Tt 1 Jump to specified address if Test 1 is a 1. 2 2
(PC)—(PC)t2itT1 0O
JZ addr (PC 0-7) — addritA 0 Jump to specified address it Accumulator 2 2
(PC) —(PC) 1+ 2ifA 1 is 0.
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Table 1. Instruction Set (Cont'd.)
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. FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES [ CJACIFOIFY
INPUT/OUTPUT
ANL BUS, data (BUS) — (BUS) AND Logical AND Immediate specified 2 2
data data with contents of BUS,
ANL Pp, data - (Pp) = (Pp) AND data; Logical AND immediate specified 2 2
p 1-2 data with designated port {1 or 2).
ANLD Pp. A (Pp) —(Pp) AND Logical AND contents of Accumulator 2 1
(AD- A3).p 4.7 with designated port (4-7).
IN A, Pp (A} — (Pp):p 1-2 Input data from designated port {1 - 2) 2 1
into Accumulator.
INS A, BUS (A) = (BUS) Input strobed BUS data into Accumulator 2 1
MOVD A, Pp (A0-A3) — (Pp); Move contents of designated port (4 - 7) 2 1
P 4-7(A4-A7) — 0 into Accumulator.
MOVD Pp. A (Pp) = (AO - A3); Move contenls of Accumulator 1o 2 1
p 4-7 designated port (4 - 7).
ORL BUS. #data . (BUS) =~ (BUS) OR Logical fo]:] Immediate specified data 2 2
data with conlents of BUS.
ORLD Pp, A {Pp) — (Pp) OR Logical OR contents of Accumulator 2 1
(AD- A3):p 4-7. with designated port {(4-7).
ORL Pp. ¥data (Pp) = (Pp) OR data; Logical OR Immediate specified data 2 2
p 1-2 with designated port (1 - 2).
OQUTL BUS, A (BUS) ~ (A) Output contents of Accumulator onto 2 1
BUS.
OUTL Pp. A (Pp) — (Ax:ip 1-2 Output contents of Accumulator to 1 1
designated port (1 - 2).
REGISTERS
DEC Rr (Rr) ~— (Rr} -1;¢r 0-7 Decrement by 1 contents ot designated 1 1
register.
INC Rr (Rr) = (Rr) t1;r 0-7 Increment by 1 contents of designated 1 1
register,
INC @ Rr ((Re)) == ((Rr)) + 1; Increment Indirect by 1 the contents of 1 1
r 0% data memory location.
SUBROUTINE
CALL addr ‘((SP)) = {PC) Call designated Subroutine. 2 2
({SP)) —(PSW 4-7)
(SP) = (SP) 1 1
(PC§-|O) = addr 8-10
(PC 0-7)*— addr 0-7°
(PC 11) — DBF
RET (SP) — (SP) - 1 Return from Subroutine without 2 1
(PC) — ((SP)) restoring Program Status Word.
RETR (SP) — (SP) - 1 Return from Subroutine restoring 2 1 o] o
(PC) — ((SP)) Program Status Word.
(PSW 4.7) = ((SP))
FLAGS
CPLC (C) — NOT (C) Complement Content of carry bit, 1 1 .
CPL FO (FO) — NOT (F0) Complement Content of Flag FO. 1 1 .
CPL Fi (F1) = NOT (F1) Complement Content of Flag F1. 1 1 .
CLRC (C)— o0 Clear content of carry bit to 0. 1 1 .
CLR FO (FO) — o. Clear content of Fiag 010 0. 1 1 .
CLR F1{ (F1) — o Clear content of Flag 1 t0 0. 1 1 .
MISCELLANEOUS
NOP No operation 1 1
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Symbol Definitions

AIRCRAFT 88

SYMBOL DESCRIPTION SYMBOL DESCRIPTION
A The Accumulator P Port Designator (p = 1,20r 4 - 7)
AC The Auxiliary Carry Flag PSW Program Status Word
addr Program Memory Address {12 bits) r Register Designator (r =0. 1 or 0 - 7)
b 8it Designator (b = 0 - 7) SP Stack Pointer
BS The Bank Switch T Timer
BUS The BUS Port TF Timer Flag
C Carry Flag To T Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter " Prefix for Immediate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address
data Number or Expression (8 bits) $ Program Counter's Current Value
DBF Memory Bank Flip-Flop (x) Contents of External RAM Location
Fo Fi Flags 0. 1 {(xx)) Contents of Memory Location
| Interrupt Addressed by the Contents of
P External RAM Location.
P In-Page” Operation Designator 17 Replaced By
TYPICAL APPLICATIONS
Figure 6 shows a typical way to use the 48-Series Micro-
computers in a stand-alone system.
B Crystal used is:
e Series resonant
e AT cut
e 1to6 MHzordto 11 MHz
+5v GND
40 26| 20,
Vee Voo Vss P10 277
}ﬂl_z XTAL1 P11 |28
P12 |- 29
20p1 &
P XTAL2 P13 |- 30 |Port 1
tufd 4| HESET P14 [-31 |(Input/Qutput)
P15 |32
—T1EA P16 +—33
NS 33 P17 —34.J
= ¢ P20 |- 217
P21 122
INS8048 P22 [—23
INSB049 ::3 24 |Port 2
INS8050 35 [(Input/Output)
P25 |36
P28 —37
P27 |38 ]
1 10 DB |-127)
08 13
INPUT| 39~ T1 . 08 |14
6 - INT DB3 15 |BUS Port
D84 [—16 |(Input/Output)
0Bs 17
DB |- 18
ALE PSEN PROG WR RO 0B; |19 ]
" s 2 10 :
NC NC 1.6

FIGURE 8. Stand-alone INS8048/49/50
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TYPICAL APPLICATIONS (Cont'd)

Figure 7 shows a typical remote data acquisition system
with an INS8250 Programmable Asynchronous
Communication System which can receive commands or
update information from a supervisory computer. The
figure also shows an INS8294 CMOS DVM that receives
data at Vin and displays the data on the 7-segment locatl
display unit. Data are transferred from the INS8294 to the
INS8049 via National's MICROBUS"™.

Serial 110

FO Supervisory
. () NSe250 ~ 23;’::‘,,“""
M Display
1
C
INS8049 R
(o]
g
U
s INS8294
ovm
Loeal Yoltage in
Display
FIGURE 7. Data Acquisition System b i

AIRCRAFT

TYPICAL APPLICATIONS {Cont'd)

Figure 8 shows a typical way to add a Input/Qutput
Expander and Programmable Interval Timer to the 48-
Series Microprocessors.
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APPROVED FORMATS FOR CUSTOM PROGRAMMED
PARTS

INPUT MEDIUM:

2716 EPROM

2708 EPROM

PAPER TAPE

IMPORTANT - EPROM LABELLING

Only one customer program may be included in a single
order. The following method must be used to identify the
EPROMs comprising a program.

a1 The EPROMs used for storing a custom program are
designated as shown:

2716 Block A 0-2047
2708: Block A 0-1023
Block B 1024-2047

by All EPROMs must be labelled (stickers, paint, etc.)
with this block designation plus a customer assigned
print or identification number.

Example:

1) Customer Data
¢ Custom Program Length - 2K
* Medium - Two 2708's &
* Customer Print or 1.D. No.
C123-45

2) EPROM Labels

C123-45 C123-45
A B
0-1023 1024-2047
Paper Tape

Tapes may only be submitted in binary complement
formas, The following information should be written on the
papet tape. .

Company Name

Customer Print or 1.D. No.

NSC Part No.

A Punch = ("1" or “0")

This is logic (POS or NEG)

AIRCRAFT 9

BINARY COMPLEMENT FORMAT

o oo ™ -—BIT 1
[ X ) ) N )
'Y ° °
[ NN NN N NNNER] 00 0s 008 0SS
(X )
o0 . TOP o
[ X J [ <. @
'Y ™ °
o2 $ ~— BIT 8
WORDN-LJ t
COMPLEMENT WORD N -1
COMPLEMENT WORD 1
WORD 1
——COMPLEMENT WORD 0
WORD 0
START

NOTE 1: Tape must be blank except for the data words.

. NOTE 2: Tape must start with a rubout character,

NOTE 3: Data is comprised of two words, the first being
the actual data and the second being the com-
plement of the data.

Verification

‘You will receive a listing of the options ordered and the

input data. i you also wish to receive EPROMs for
verification, please send additional blank EPROMs as
necessary for this purpose. You can use software (the
listing) or hardware (EPROMS) to verity the program.

You will be asked for a GO/NO GO response within one
week after you receive the listing.

VERIFICATION LISTING

The verification listing has six sections:

1. A cover sheet with provision for "STOP, DO NOT
PROCEED" or "VERIFICATION CERTIFIED"
signatures.

2. Description of the options you have chosen.

3. Adescriptionofthelog designations and assumptions
used to process the data.

4. A listing of the data you have submitled.

5. An error summary.

6. A definition of the standard logic delinitions for the
ROM and the reduced form of the data. This list shows

the output word corresponding to each address coded
in binary.
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Ordering Information for Custom Programmed Parts ATRCRAFT 92
The following information must be submitted with each customer microcomputer program. An order will not be pro-
cessed unless it is accompanied by this information. This form acts as a Traveler from Customer through Customer
Service to ROM programming. Please retain a copy of this form to compare against the verification listing. The form
will be sent back to the customer by Customer Service. :

National Microcomputer Part Number
ROM Letter Code (National Use Only)
Name Date
Address Customer Print or 1.D. No.
City Staté Zip Purchase Order No.
Telephone ( ) Name of person National can contact {Print)
Authorized Signature Date
OPTIONS
1. Device Type (Circie One) B. Vertfication Medium: The user will be sent one or
more of the following media to verify National's
8048-6 (6 MHz) 8049-6 8050-6 reception of valid date. It any EPROM is selected.

- blank EPROMSs must be submitted with this form.
8048-11 (11 MHz)  8049-11

Circle One or More

A. Input Medium (Circle One) ‘
Listing: Binary MPS Format EPROM: 2708 2716
48 Series Part: 8048 : Hexadecimal Format 2758A 2732
8748 27588 8748
EPROM: 2708 2716
2758A 2732 Total Number of EPROMS:
27588

Total number of EPROMs:
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