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SINGLE CHIP

L 4 3 )
UUMNTANTIRIN 1

Pin Designation Function

1 TO Testable input using JUO and JNTO clock
output once ENTO CLK instruction is
executed. Restored to an inpuh_line by
reset.

2 XTAL 1 Crystal input for internal oscillator.
Also input for external clock source.

3 XTAL 2 Crystal input for internal oscillator.

4 RESET Reset input for.CPU. Active low.

.5 SS Single step input. Used in conjunction
with ALE to single step throuéh progran
execution. Active low.

6 'INT Interrupt input. Generates an interrupt
if interrupt is enabled. Disabled after

| a reset. Active low.

7 EA External Accexx. when taken high, forces

all instruction fetches to cone from

external ROM.

i
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A" 1 1{!
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Pin Designation Function

8 RD Read strobe. Active during bus reads.
can enable data onto bus [row external
devices. Active louw.

9 PSEN Program store enable. Active during
instruction fetches from externgl ROM.
active low.

10 WR vhite strobe. Active during bus writes.
can strobe data into external devices
from bus. Active low.

11 ALE address latch enable occurs once during
each machine eycle. Also useful as a
cloclk output. The falling edge of ALE
stropbes address into external RAM and
ROM. .

12-19 DB, -DB, Bus port. 52 Bidirectional port which
can be written or read synchronously,
using WR or RD output can also be
statically latched.

Ooutputs eight low-order address Dbits
during external instruction fetches.
Receives addressed instruction during
PSEN. Also passes eight address and data
bits from external RAM funder control
ALE, RD, and WRI

20 Vss Circuit ground.

21-24 p2_-P2, Lower four bits of quasi—bidirectioﬁal
port 2. Outputs upper four address bits
during external ROM access and data for

INS8243 port expander.



Pin Designatbtion Function

25 PROG output strobe for INS8243 I/0 expander.
28 Voo Provides an input for a standby power
source for the internal RAM. When a
standby power source is connected. V__
provides a battery chargingpath. The

apount of internal RAM connected to V

is a progranmable option.

27-34 P1 -P1, Port 1, quasi-bidirectional.
35-38 p2, -P2, Upper four bits of quasi-bidirectional
Port, 2.
29 T1 Testable input wusing JT1 and JNT1

instructions. Event counter input once
STRT CNT instruction is executed.

40 \s Main 48-Series power source [+5V]
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Entry mode . - speciliss of not 10 shilg the display. 120
sot ° o ° o 0 ¢ o \ vo $ These operstions are performed 40 ps 20
during dais write snd read.
ey ON/ Sets ON/OFF of ol display (D), .
DisglayONI 1 0 1o |0 Jo jo jo i1t o | ¢ | 8 | cursor ONIOFF (C), snd blink of 40 s 120 4
OFF contro . cursor position character (B
and ' Moves the cursor and shilis the
Cusorsnd | o | o fo jo o |1 [sciRr) o | disgley without chenging DO RAM 40 s 120
display shilt . contents .
Sets Intertace data length {DL)
Function set (] ] o 0 ] [+] N F ¥ y number of displey lines (L) and '_ 40 3 120 s
- charscier font (F). u . .
Sets the CG RAM eddress. CG RAM
::,'CG RAM Q [+ 0 1 AcG data is sent and recsived sfter this a0 us 120 ps
s setting,
* Sets the DD RAM sddress. DD RAM
:“'D“Q‘ RAM 1 o [} 1 ApD data Is sant snd received slter this 40 us 120 ps
. setting.
Reads Busy flag {BF} Indicating
Read b
tiag & :d';un ] 1 aF AC Internal operation is being pesformed Tus 1
and reads sddress counter contentis.
White data Writes dats lnto DD RAM
:;7:::'1‘ 1 4] Viritg Dats R'A:l aipleg AbponGG 40 ps 120 us
Read dota ; Reads dats from DD c
:ocg o 1| Resd Dats Ny - RAM o CG: 40 41 120 s
/0 = 1: Increment (+1} 1/D = O: Decrement —-1) DO RAM: Display cdata RAM Execution time chenges when
§ = 1: Accompasnles ditplay shilt, - CG RAM: Charscter g RAM | freq y ch
SIC =1: Display shift S/C =0:Cursor move AcG® CG RAM address (Example}
RIL =1: Shift to the right. Apo: DD RAM address When fogc I3 270 kHz:
R/L =0: Shift 10 the tel1. . Corresponds to cursof '
OL =1: Bbits DL =0: 4 bis sddress. 250
N =1: 2lines N «0: line AC: * Address counter used (or 40us x 270 T
§ @1: Sxi0dois & =0: Sx7dots ‘ both of DD snd CG AAM
8F = 1: laternally operating addrens, .
BF «0: Canscoept instruction .
*No effect

Notes 1. Applied to models driven by 1/8 duty of l[li duty.
2. Applied to models driven by 3/16 duty.:



G18a% 1 2nABANAIRY HDA4T80

1. CLT AR DISPLAY

Clear disptay

AS RMW DBy DBa
cods [0] OIOIOFXT%|°|°[;Ti]

dndvnariunaTs Suudavinenia SPACE (ASCIT 20H) 1371dTu DD RAM
o . - { - - ‘e .
NIMHALAENIN1S SET DD RAM ADDRESSER Lﬂuguﬂ #9 CURSOR qznauiﬂagwquuuq

YR 1 <4
uuqmﬂﬂﬂuauaqqanﬁw SET I/D = 1, S ‘luuni7idaau

2. RETURN HOME

Return home
RS R/WDB,

Code [O] 0O folo]ofo [o]o BN

*Noeffect

_.-DBy

. 4 E7) . rd - -
dnd4farfian11 SET DD RAM ADDRESSER Lﬁuguﬂ 7 CURSOR asaiu

| IS L] [} 4
1ﬂagnﬁunu«uuqa%ﬂﬂﬁanaqqanﬂwﬁagaﬂuﬂan1w1uLﬂaau
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3. ENTRY MODE SET

Entry mode set

AS R/WDB;———_——— D8y

code [0]ofofoJoJo]o]1]uwo]s]

BIT 1/D

DD RAM ADDRESS LUNTUMLIHTAAAR Iy

<«
0 = anadnis

BIT S

P Y] = w w
CURSOR aﬁnun nagaazgnau1ﬂnwvﬂwu 11 'S

b du - -4
agnUﬂﬁﬁ CURSOR ﬂzgnnuTUnwendﬂna

4. DISPLAY ON/OFF CONTROL

Display ON/OFF control
RS R/MW DB4 D8y

cow [o0 e e o] Tolc]s]

2 Y] ~ W
BIT D : tiu BIT Inidadenunsaniwiaent D = 1 3z

D = 0 3¢ OFF

A-1-35

ﬁ &\ ) e W 4 & 0 W w . W
Taaazidunnimiadngg luakﬂﬂuﬁiaa'\uﬁﬂﬂiﬂllﬂq N Iu

a8 1 = Luu

LludataenndasNataoia S = 1 quﬂMﬂﬁd?dﬁagauﬁvﬁu

v
= 0 mpua v
L]

ON uac



5 x 7 dot character

BIT € :
BIT B :
font

{a)

5. CURSOR

35IMudns  CURSOR ‘I BIT € = 1 uasnrluwdInasudas
. w d
CURSOR BIT C = 0 1Ta8& CURSOR qzagﬂ LINE n 8

‘ < .
Tuluy 5XY DOT narIzal LINE n 11 Tuuuy 5X10 DOT

v BIT SET tiunninTewiuzas CURSOR i98 B = 1
< N N " e -\‘ <4
ANTNTEUTY B = 0 Muuntngzuiu Ta8iTEEZL22907T

Nzwinlgeann 379.2 ns

i

~
Cursor

~er—g Alternating display
$ X 10 dot character
font

Cursor Display Example {b) Blint¥ Display Example

2

OR DISPLAY SHIFT

Cursor ot display shift

Code

-

RS R/W DB, DBy
BEE | o [o]: lSlCIRILI - th
* No effect
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LiuaaFennuatidumiiy  CURSOR w?aiaga T antetranTani1Tas

InfavtidnfeL TaunTaann Tan

S/C R/L
0 0
0 1
1 0
1 1

. w . [ Y 2y . ]

1117878 CURSOR Mdaaneuuuviaulusiada 1 RIusiuy

17818 CURSOR MU’ ndiuwuvtauluzinia 1 diums
< v e d&\ i vl

clunq TR anTnL A TUN19EN s

< — B 4 a <
tlunTauianeininalunisasaia

6. FUNCTION SET

Function set

RS RMWDBy~——— ———————— DBy

code [ofofo]ofs]ofn]e] ][]

BIT DL

* No eifect

(dun1T SET nagna@adnasiwiiisuuy 8 BIT wuia 4 BIT

Taghin@a4n17AeAa 4 BIT DL = 0 Uar 8 BIT DL =

LﬂunWT SET ufThan1sudadna N = 0 uday 1 utiia
N =1 uday 2 uiifa unddwaanda 2 urtdia AR
SET N =1
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F Lﬁunw‘s SET aua DOT  n1Tudasua 5X7 H:l"a 5X10

i08 F = 10 iuuuy 5X7 uaz F = 1 tunuy 5X10
No. of >
Character Duty .
N F d::rﬁ::v font factor Remarks '
00 1 S x 7dots 1/8
Ton 1 5 x 10 dots 111
Cannot display 2 lines
1 2 Sx 7 dots 116 with 5 x 10 dot charsc-
ter font.
* No effect

7. SET OG RAM ADDRESS

Set CG RAM address
RS R/W DS, D8,
coae [T o] o [ [A[AIATALAL~]
Higher Lower
Order Bits Order {13

1% HD44780 ilu qzﬁnﬁaaaujuﬁwaé 2 18 A3 DISPLAY DATA RAM

(DD RAM) 4742w 80X8 BIT uas CHARACTER GENERATOR ROM CG RAM 314
.4 ¥ v

512 BIT uaz 7200 BIT A1¥eMariiunn SET ADDRESS 1u CG RAM TazdAaviinng

SET ADDRESS ﬁautﬁauu?adﬂuiﬂgaqqn CG RAM f78
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8. SET DD RAM ADDRESS

i Set DD RAM address

AS AWDBy————— . —DBo

wis [oo] 1 [A[A[ATA~L~]A]

Higher lower
* Order Bits Order Bits '

(ud1¥s  SET A1 ADDRESS % DD RAM Tunnsidaumiadiudn 3nn
a4 ) Y 4 %
DD RAM (DD RAM A RIuN’Isudavnaniian LCD) Taad1u9i ADDRESS 1M3zinasuuy

aa LCD azaéﬁu SET A1 N 78

M N 0 (1 us7ia) ADDRESS azag’ OOH-4FH
N

| [ ) [ o 4
11 1 (2 u37na) ADDRESS 3zal OOH-27H damTuuiihan 1 uas

£ Ud
40H~.7H £ TuuTINAN 2

F90479n175a ADDRESS 8¢ DD RAM Wi#13a LCD uuy 16 #7801

4 UiTha @z 20 HoEnws 2 uTThe HDM-16416H, HDM-20216H

1 2 3 4 S 6 1 8 % 10 M 12 13 14 15 16 o+ display positioa

t-line | 00 | o1 | 02 { 03] oc]os|os|0r]|0s|03foaloB|oc|op]|oE|OF] — DD RAM sddress

2ne | qo | a1 f42) 3] e a5 |46 ] a7 ] 48] 49 [aA]4B}4C]AD]4E | IF

Mine {10fn | 12|35 )e| 78| 19}1A]IB[IC|ID]IE]|IF

4tine |50 sf|s2fs3fsa|ss)s6|67fse]s9)5A|sB|5C|SD|SE]SF
‘rf
HDM-16416H




Mii 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 20 edlaplay position
idine 00 |01 ] 02|03} oefos{os|o7)os|os|oa|oBloc|op|O0E|oF | 10) 11§ 12] 13]|—DD RAM addsess

2-line| 40 | 41 [ €2 | 43 44 |45 | 46 | 47 [ 48 | 49 J4A[4B[AC|4D|4E | 4F | 50| 51|52 53 .

Ilinef 14! 3516 (17 (18|19} IA}IB|I1C}ID|IE|IF wlalan|23 )22 27

4dlne| S4 | S5156 )57 | 58059 ]5A|SB|SC|SD|SE|SF|60[.60}62]|63]64f65]c66]| o7

(Note)Shifs dispiay is as same a5 2-fine type.

HDH-20216H

9. READ BUSY FLAG AND ADDRESS

Read busy flag&a'&dre'ss' ® .
RS RWDBy——————— DB,
Code Lo,vraF,A,A]AlA,A,A]A]

« Higher Lower
Order Bits -, Order Bits

-

2. g ; T Y g .
vilundedudn BUSY FLAG  Fvaziilufiauaninfa HG44780 uanluzuim
. (. ] L4 .- W
nTiunIaTuagnIaTudn W TaniIz TuIays Tas

BF

1 aé?unuqunﬂTﬁwq1un1ﬂﬂu1ﬁw§auqz?uﬁagan?adﬁﬁq

BF
uazuanqnnﬂﬁqLﬂuﬁ15¢dﬂuéﬂﬁa§aADDREss 789 CG RAM w72 DD RAMf1E

") - ¥ « . o
0 wiauqzﬁunagawsaﬂﬁﬁq1a
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10. WRITE DATA TO CG wia DD RAM

Write data to CG or DD RAM

AS RMW OBy — —— DB
r|°|°l°l°l°|°|°l oo
- grg:r Bits Ovder gis 7

e YN 4 d w v
LUunﬂﬁﬁnnﬂunagaLnﬁlu1u cG #1a DD RAM TnsLuaLnnunaﬁauaz
-y cld LV 4 » 4
TamauAnden SET 9w ENTRY MODE nanwnunnnguﬂLﬂu
-~
M uia

ADDRESS aziwsniaaalaadnTu

nwitﬁsuﬁaganae cG RAM w72 DD RAM fin1iiTaunny SET ADDRESS 12¢ CG RA

Y
DD RAM nuuﬂnauasuﬁsuﬁaga

11. READ DATA FROM CG OR DD RAM

[ . e e e

RudduaﬁmnCGorDDRAM

RS R/MWDBq DBy
e [1]+]o[o]o]e o > [o]o]
- Higher Lower
QOrder Bits Order Bits

Lﬂunﬂaqawuﬁﬂﬁau1a1n cG  RAM wia DD RAM TamnauaiuA1ann DD RAM

[

Vl‘ii] CG RAM uﬂ'l‘I’Qu'lﬁﬂ'\“l’\l SET ADDRESS naunwa‘luﬂ'\ﬁauana'\u‘lﬂwtﬂu DD VI?B

9

CG RAM
A-1-41
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. < » 3- ~ ) '
AINATTIINTTHIE IR L2109 LCD MODULE Wiyn8 (WBIUaL 1y
. A o o - H o
AMRYLINLTALAE  SET ATIMNNAYNTINIBIAR 180T, CURSOR #il¢31niiut TInd01n
a W oW w . - o 4w ve -
LogualaneTiatdly DD RAM AETAIE 2 I TNt uAtuN Az L nadny1ivaaniw LCD
- . . I W e 4 \
Liﬁﬂqﬁwuﬂinnwnunaquﬁuqnuanu1nqzﬂﬁLﬁnuuaalﬁTnﬂn11 SET DD RAM ADDRESS
W - W I . v -
AINETTI9NANTuA228 SET DD RAM ADDRESS maTwnadaunindiat3173nua1TdiunTs
A, we 34'4,» < ~ a w '
nifiy 8048 INTERFACE ENIHNARE LD 192N RIL IEunAn d2un19 INITIAL LCD

A

4 . v . :
LWANIRUANKRIND TIN N TRA TN

.- - —r

fé‘:‘;’?f;'&‘ff.‘.ﬁ‘f 5&13‘:\3{ %&‘QXMPB::;‘ For5x7 dot character pattern
7 65 4 3210 s ¢ 3 210 76 5 ¢« 3 210
~higher Lower — ~Higher  Lower— «— Higher Lower —
1000 3
10 0 1
i01 0
§0 ¥ =l Chnucuf
ooooxooo-ooogloo E;'.':;lé(l)
i1 0 1
4 1 10
o LA = Forltion
10 00
10 0 1
io1 o
ooo'ox001 .-0015011 ?I‘ﬁi‘.f."'
1 00 Example (2)
1 01
110 i
i1 11 !
. 000
/——\1 - 00 1 ' g
coo0o0x11 1] Tiiil /
100 : 3K No effect
1 01 : ’
t 10 |
111 X x x

=TT

F R Yp—
-

A-1-4
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B

ﬁ?uﬂTuﬂﬂUﬂﬂQTﬂTUﬂiu

EPLUSE

GOTO

WRBYTE

WRLIKE

PR TS VI
a8 19nInizy

qwiiudauitiaifygia ENABLE SIGNAL iasnatld PORT B

4 . - b
BIT 7 2 6Ll PLUSE i ENABLE uu

l-' 1} - 3 ’ 4
QdLl]u’d'ﬂ&ﬂ‘nmﬂlil'ILH’HN'Ili]\Jﬂ"m DD RAM ADDRLESS Y\'%‘.:L:Sﬂ‘ll.
» 4 R
haﬁaTﬂﬂﬂﬂnTUTHﬂﬁu INITIAL wt$9 SET 1Y Ludlaau
HanLﬁwTu1u DD RAM U571 ADDRESS 09 DD RAM 3ziuuiin

o -
1 Taanim

Lﬂudauxﬁﬂuﬁaga 1 BYTE ta1147u6 iy ADDRESS 04

DD RAM matzititq

sﬂudauﬂunwixﬁuuingnﬁns 1LINE Lusi20mmiy DD RAM

ot “\ [ =t : DA~ ] . -
oL AnuNANA Ty LCD futazdanmidsz inamidldlinnaz uiing

LCD winy 20 §43n#i 2 dasii U 16 @adne 4 Uy e
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0001 FBOO .ORG $0FBL +

0002  FBOO sInitial function of £CD
0003 FBOO H

0004 FBOb 23 00 MOV A, #0
0005  FBOZ2 3A OUTL  P2,A
0008 FBO3 23 38 MOV A, #3081
0007 FROS 39 OuTL P1,A
0008 FBOB 74 3F CALL FEPULS
0009  FBO8 T4 38 CALL DELAY
po1o FBOA 23 OF MOV A, 0K
0011 FBOC 39 OUTL Pi,A
0012 FBOD 74 3F CALL EPULS ¢
0013 FBOF 23 086 - MOV A, 80611
0014 FB11 39 OUTL P1,A
0015 FB12 74 3F CALL EPUL! @
0018 FB14 23 01 MOV A, 8011
0017 FB16 39 OUTL P1,A
00186  FB17 74 3F CALL EPULS "
0019 FB19 74 38 CALL DELA:
0020 FB1B H

0021 FB1B sWrite data

0022 FB1B H

00238 FB1B 74 1F QALL WRL1
0024 FBID 74 27 CALL Wiig
0025 FB1F H

0026  FBIF sWrite line

0027 FB1F ;

0028  FBI1F 23 00 WRL1 MOV A, #00.



0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0048
0047
0048
0049
0050
0051
0052
0053
0054
0056

FB21
FB23
FB25
FB27
FB27
FB29
FB2B
FB2D
FR2F
FR30
FB31
FB32
FB34

FB35

FB38
FB38
FB34y
FB3A
FB3b
FB3C
FB3E
FB3F
FB3F
FB3F
FB3F

74
Bo
84

23
74
BF
23
34
80
39

74
18

BE
00

00

83

0A

4B

2B

40

4B

08

10

3F

- 2D

00

3A

CALL
HOV
JHP

WRL2 MOV

CALL

YRLM MOV

WRL MOV

-e

-8

OUTL
MOVX
OUTL
CALL
INC

DJNZ
RET

DELAY TIME

DELAY MOV

DE1 NOP

e

v

NOP
DJNZ
RET

GoTO
RO, #TAB
WRLM

A, #40H
GOTO
R7, 808H
A, %101
P2,A

Ay 8RO
P1,A
EPULSE
RO

R7, WRL

SUB.

R&, #01

R6,DE1

ENABLE SIGNAL

EPULSE IN

A, P2

sTABLE POINTER

sMOYR DATA FROM TABLKE

*



0058
0057
0058
0059
0060
0081
0082
0083
0084
0085
0066

© 0087

0068
00869
0o70
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080

0081

FB40
FB42
FB43
FB45
FBa7
FB49
FB4A
FB4B
FB4B
FB4B
FB4B
FB4D
FB4E
FB4F
FBS50
FB52
FBS3
FB53
FB53
FB53
FBS7
FB5B
FBSF
FB63
FB63
FB63

43
3A
BD
ED
53
3A
83

43
39
27
3A
74
83

50
45
54
2D

40

00
45
BF

80

3F

52
43
45
iC

4F 4A
54 20
53 54

43 44

tasm: Number of errors

EP1

3 GOTO POSITION

-
»

GOTO

5 TABLE

we

TAB

0

ORL
OUTL
MOV
DJNZ
ANL
OUTL
RET

ORL
OUTL
CLR
OUTL
CALL
RET

- TEXT
.TEXT
. TEXT
. TEXT

. END

A, #40H ;SET BIT 6 "ENABLE
P2,A

RS, #00L

R5,EP1

A, BOBFH
P2,A SRESET DIT ¢

A, #8301
P1,A
A

P2,4
EPULSE

"PROJ "
"ECT b
"TEST"
“-LCD"
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CHARACTER FONT TABLE

Tw'b“ soneoeie vreojuist fvnrefertn Jiorefive frave|vrterfoniufiin
Ey ’ i il l...' * e . | l-.‘x 1>
........ b i,

i i
........ o [ VT ] ‘llu_l' L_J.__L iy ]
........ I"l,j II ILD“I l"| iL { g [

.c.-. T
a s
st

........ o ([l f LU L_L‘ U_U_« |5
N I e ULLH_LJL_L 1]
..... RN NE RN

....... )l 7 | P I O D e B
e 3 2 R R e MR
------- N ST ‘IIL!J_JJLM i
e | L J_i _J_il l":::' ::.l.....l....! 'LLU._ ! e
e | N A T R s N ER
e |2 L P L T T T e o
ceenor | @ == P b T T2
womie |0 Ly Ll Pl il s TR A
----- T [ O e Y e ) i

NOTE: CGRAM isa CHARACTER GENERATOR RAM ha.ing a storage function of
character pattern which enable to change freely by u.er's program.

O HANDOK




"

unuuwnﬁ LCD MODULE <1D44T80) 'd ,h:haxumuwnuu GHARALCT IR
GFNFRATOR ﬁzr1dlu11n1nwuunuaﬂunw1;nnm)unux1ulnnn U e BX7
DOT HHQ“lMu11nﬂ AWRENTUAITI OO B 071 #  6umis OBl-url s i g
LRBITY OOH-0TN 421997 CHARACTER GENERATOR ﬁnﬁnuwiwnwnuLkuﬁngun»nuh
avtanasi oy 5X10 DoOT AWLTE 4 Falnny %ﬁ?wnﬁJﬁLﬁH;n4UﬁtunﬁWdﬁwn

[ T ) R ) N Y
L I ner g nmen s a SnwrnawnInn e

niiinufAnn_ CHARACTER QENERATOR

L1ﬂﬂ1u11nnﬁnuﬁngn?ﬁTwnﬁwwun ADDEEY S i 0 v e i i
64 Humie BIT 5-BIT 0 waxiilafames ADDRE.S ul n«rnWhﬁuLﬁAhﬁhﬁJHQTM
cG raM Tenclnfnwee BIT @0 BT unag 1 WA B0 SN LOT u:%ﬁﬁnua
BIT 4 iy BIT 0 #a 1 BYTE fiaiig 1 ﬁdﬂnu11*’fnnul BOEYTL i lmn*ln
ar vl nauhlnngae Luntnnuauun1q1u CG RAM HNJLJNIIl::»fnlludfu'leﬂUﬂu
Tit DD RAM A EngannunuqﬁunWWWq CUARACTER 26 10inéy 0OH-07 11

JundwoﬁuuunvunwwaHnuﬁngnﬁanﬁqﬂnnWL|1nntﬁuﬁs SRR

g »o . . |.} v
8O 1Tl €O RAN UM 001, O1H Waw * 1 Wb ia i i o) LD

Taa'll 2 wisfin T Tsda 9un

- :: -‘ "3 . £ >3 ar - .
7l 11709 LCD  MODULE uundﬂnmﬁn Eib ety COLTROLLER a
L

.o ~ : W4 e .
LCD MOBULE Wi Tun CONTROLYER qnq wiin i pwuwunmmﬁnuq TN TR BTN N

DMC Module In case of extended tomparatura version
o ° o 3 )
HI3IR vovenes Yt ! 14143 wverne 32
0 PR of lo_pa  pas o
L ‘ “
anp e O ONO

Vee

>
¢ : BRAA R e e L T
> Vaiimo~amo = :

——————— = Y
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a1019 lunrraatiem 1IDaa7u0

1. RS (REGISTOR SELECTION) awtii tytedan  REGISTOl At sl
4
9 W na INSTRUCTION REGLSTOR (IR) uie Do lA REGHITOR <Dl Youin v )

o N v ' 4 o
wendunas et DATA waziauiln 0 wridunrTien INSTRUCTION

o R/W  (READ/ZWRITE) wawdiniius dvasuinunta wravinagicemiy (o
W

o [ » - ww
fudoawnduy = 1, Lnﬂuungn -0
&

bk CENABLE SIGNALD tilmaui i anrane s S i i

The ullth;n betwesn the operation snd the cambine .ion of RS, R/W
r RS RW " E ; OPLAATION

‘ 0 0 Wiile instructlan code

- ———

] 1 —/—\_ . Read busy flag »..d4 address couvnter
> - - L Y .
1 0 -_-\_ : ' Wilte d:u :
1 1 _3_/—_\__ Resd dive
When pesforming data nnd.ln:tmcllon code by 4 blt, tsansfer RS, R/W cvery time.

4 s v o

1. DBO-DRT LilupTudennuainni 1o
e

5. VDD i aneu9931
G. V88 tiunn GND

% - . V. - G 4w
7. VO LU VOLTAGE T LOD T 1amsii
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ANALOG 'TO DIGITAL

- £
unqﬂﬁsﬁqn
4 4 . < . H . .
oo et a s iasiun g olaauifygoe ANALOG LTy ru T

4 4 . It
2, meLﬁuundnwaﬂunﬂ1u1u1ﬂ1uqnuﬂﬁ:ﬂu

~
NNt
U P A
unumuﬁaq TURAY  D/A - WRE  AZD R a0 b
. o $ O T . - . 2
dmrrodilygw DIGITAL wufsutihe  ANALOG 8wl S WYt O R Y S TN H )
e 1 ” NS\ NI, __f"vl‘ S gy ¥ “ . Ve
il ANALOG tiw DIGITAL lnﬂ1nn11u1uuﬂxnwIh.wﬂﬂwnﬂunwwuwnnunnw1.huﬂxm
ad

o v ' w - { ' ' ~ -
et danauin, daneand Tagsei=Tarl adves adosimmsiw o

ANALOG—rrrr——— A/D X, | s V2V Praltny

e 1
e e

e e )

w “d as R v ~ L, et .4 0 -y
iU Ty A/D Edanuibe LNy D/A way s daeautaetifitun ! BN Wl
Al Y
- ¥ Y o - o
CONVERGION  TIME  &viwiaaiaddewiaam  a/m T vl afipyne ANALOG L1l
R s ' -‘ < 44 X H “ -~ . . >
DIGITAL. Mo 1 a1 Lna11wgﬂuq A/D MR FWHUABT S, 190 CONVERSTON T1ME  ufly

L 74 -A 4 t’ w . w i . - N » . [} . . 'Yl :‘;
nnunqntnwnusunnln AT A/D ARROAVTTAMA W Aot oL il sl
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b e H met

[N LT S (F R RIS N
CLI I A
& * §
el e i b :
] e [
3; ‘ir i ¢
t o W ¢
A
(PR
v (] :
'y I
LS I ; "

i\
RATOR_A/D

i, ot
PARALLEL COMPA

i

e L1
ENCODING ft JARY CODE
GATES CaTPUT
L

R s . 4 . | 4 .
AZD winmddmAnnasnasn e T o Neul e Tonileg s mb o b o e a s
- e ') v .. w 4 [} - - 2 1 e ..
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LINE DRIVER RS-232C

PIN 14

PIN 7

o S
guuﬂaqnﬂ1tﬂaau1zauﬁmmﬂm1u RS-232 1ﬂxﬁu LOGIC TTL.

2Un1941 EMULATOR #1 INTERFACE

PORT RS-232C TA#ileIunie1I
DB-25)

<

A
avu

flu MICRO COMPUTER

(2131 5ulaneLyY DB-9P wia

B-10



Py o v/
JULAAY Connector Ndd Ty RS-232C Neuuy DB-25P MALE

4 ~
mﬂﬁﬂququ1ﬁaastaaﬂuwﬁmmﬂmnquun 9 U1 uar 25 U1

CONNECTOR

WA¥WYY DB-9P DIN CONNECTOR

Hia ¥ia  |da138n{da13an d1afuns Nenas
s PINS|25 PINS| #aty | nave Ay
RS-232
1 AA. |PROTECTIVE GND -
3 2 TXD BA. dxsi’mda auwn
2 3 RXD BB. |Fuiiaya tmn’vgn
7 4 RST CA. |REQUEST TO SEND duwn
8 5 CTS | CB |CLEAR TO SEND Lanfiun

-




Y ¥ia |3ai3an|d013an d1aguns nen
9 PINS|25 PINS| #aty | nas Aoy
RS-232
6 6 DSR | CC |DATA SET READY tafiun
5 7 GND AB |SIGNAL GROUND -
1 8 CD CF |RECEIVED LINE SIGNAL Laﬂﬁqn
DETECTOR -
9 . a1 ddmFuntTnaday -
10 N (#a¥dmFunrTnaday -
11 e -
12 SCF |SECONDARY RECEIVED
LINE SIGNAL DETECTOR taﬂﬁqn
13 SCB |SECONDARY CLEAR TO
SEND Lanfun
14 SBA Lﬁudqﬁagatﬁuﬁ 2 duwn
15 DB  |DCE SOURCE Lanfiun
16 SBB Lﬁu?uiaﬂatﬁuﬁ 2 Lawﬁqn
17 DD |DCE SOURCE Laanun
18 1 -
19 SCA |SECONDARY REQUEST
TO SEND Buwn




1ia fia  |da13an|da38n @1atung AN
9 PINS|25 PINS| #aty | nav o
RS-232
4 20 DTR | CD |DATA TERMINAL READY |Huwn
21 CG |SIGNAL QUALITY
DETECTOR tanfun
9 22 CE |RING INDICATOR taanun
23 CH/CI|DATA SIGNAL RATE 5uqn/
SELECTOR Lannun
24 DA |DTE SOURCE auwn
25 1t -
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117 LINK MPF-IP fiu PC

AINTATIHTINNAY  MPF-IP  &1u17naanuuudsn LINK iy COMPUTER

' [Y) P ﬁ ve N
Ta8d81U EMULATOR 1@ Taailnauilduy BLOCK DIAGRAM laavy

SOFT WARE

COMPUTER | TX EMULATOR DATA A MTuTsuy

EMULATOR

- ¥
ANANTU

ADDR MPF—IP

8048

INTERFACE |CONTROL MPF—IP

iyl

EMULATOR wiadiumae #8251 1Hdad177ewine  COMPUTER Ay
fiu MPF-IP Tmu1ﬂ1un1u§1§ﬂ1uqud1uﬁ Lhut31u  EPROM # ADDRESS
2000H FeTusunTuduiae duia¥anas %qudﬂ11?u§a§aﬁdquﬂaﬁn COMP-
UTER u515atﬁu§a§aaqﬂu RAM Tusitumiefl ORIGIN F2ufuAq OFFSET

4 .
n%?#nﬁwua

» - '
INTEL HEX FORMAT Lﬁu3Uuuunﬂqna§andquﬂﬂ1n COMPUTER W1u
“w N
SERIAL PORT (COM1,COM2) Taaﬁgﬂuunaqu



DATA C|C|T|T

2
2
>
2>
5>
o>
o)
w

Lﬁﬂ : = RECORD START CHARACTER
NN = BYTE COUNT (HEX)
AAAA = ADDRESS OF FIRST BYTE (HEX)
RR = RECORD TYPE (HEX,00 EXCEPT FOR LAST RECORD

WHICH IS 01)

CC = CHECK SUM (HEX)
HH = DATA (ASCII)
TT = LINE TERMINATOR(CARRIAGE RETURN,LINE FEED)

1qa2 sum = BYTE - COUNT + ADDRESS_HI + ADDRESS_LO +
RECORD - BYTE + (SUM OF DATA BYTE)

CHECKSUM = L[ (-SUM)AND FFH)]

(29390 DATA (HH) NAF¥ReNidu ASCII CODE HetiuIehavnin
A7 CONVERTiu HEX CODEAau3v#1170784Iulé @1 BYTE COUNT(NN)
ﬂs?ﬁtﬁuﬁ1ﬁ1nuﬂﬂ11uaﬁqnaq§a§a (HH) ?u 1 u79%a (1 RECORD) @A
AAAA aziily ADDRESS ORG naq1ﬂ1un7uﬁgndq CHECKSUM TXdmTuav74

ﬁauﬂdﬂugnﬁmqnaqﬁagaﬁv 1 RECORD
: < o
390 INTEL HEX FORMAT i994suqutaanuuuTuiunsun’asdsy

") Ve B ' o v '
nagaimﬂq FLOW CHART Tmﬂmﬁunuonaq1ﬂ1un1un1ﬁ7uqsae ADDRESS

2000H 1Ay MPF-IP ai.@nunue U3 Taalf EPROM tua% 2732 , 2764

[



START

RECEIVED OFFSET
FROM USER AND
STORED IN (DEST)

RECEIVED §th BYTE
(RECORD BUTE)

y
ADD ORG ADDRESS
HITH USER QFFSET.
1999

'SIRRI Dala

RECEIVED DATA 2
BYTE AND CONVERT
T0 HEX CODE

4
HEX CODE STORE IN
(IX + @ 8ND
INCREMENT IX

JUMP START




JUMP TO
START DATA

RECEIVED CR,LF

J

RECEIVED DATA
1 RECORD OK.

RECEIVED 2nd BYIE
(BYTE COUNT)

8§5§I YES

RECEIVED 3nd.4
BYTE OR
DDRESS

J

ADD NEXT ADDRESS
WITH USER QFFSET
(I

JUMP TO START
DATA

JUMP START

NO

START NEW-LINE
JUMP START
YES

N

bt




2000
2000
2003
2007
200A
200E

AD
F6
46
21
2C
14
70

31
DD
CD

DD

FE
07
02
08
FF
0B
FE

A0
21
Fg
38
36

2500 A.D. ZBO CROSS ASSEMBLER -  VERSION 3.00b

FE
2C FF
i
00 Co
01 FF

INPUT FILENAME : MPF4.ASM
MPF4.0BJ

OUTPUT FILENAME

.............................

9399999995993 999999353993%9933%99%9

sTHIS PROGRAM USED FOR SEND ;
sDATA FROM PC TO MPF1-P. ;
3BAUD RATE IS 9600. 5

;DESIGN PROGRAM BY CHAIYOT L.

USESTK: EQU OFEAOH
CLRBF: EQU O07F6H
SCAN: EQU 0246H
CONVER: EQU 0821iH
DISPB: EQU OFF2CH

ONE: EQU O0B14H
DEST: EQU OFE7T0H
ORG 2000H

'MAIN: LD SP,USESTK
LD IX,DISPB
CALL CLRBF
LD (IX+0),0COH

LD (IX+{),0FFH i 3 "o"

>

B-1%



2012 DD 36 02 OE ~ LD (IX+2),0EH

2016 DD 36 03 FF LD (IX+3),0FFH ; "F"
201A DD 36 04 OE LD (IX+4),0EH

201E DD 36 05 FF LD (IX+5),0FFH ; “"F"
2022 DD 36 06 12 LD (IX+6),12H

2026 DD 36 07 FF LD (IX+T7),0FFH ; "s"
2024 DD 36 08 06 LD (IX+8),06H

202E DD 36 09 FF LD (IX+9),0FFH ; "E"
2032 DD 36 0A FE LD (IX+0AH),OFEH

2036 DD 36 OB FC LD (IX+O0BH),0FCH 3 "T"

3 DISPLAY "OFFSET" AND RECIEVED OFFSET ADDR.

203A FD 21 70 FE LD IY,DEST
203E CD 46 02 CALL SCAN
2041 F5 PUSH: AF
2042 CD F6 07 CALL CLRBF
2045 F1 POP AF

2046 06 04 LD B,04H
2048 C5 LOOP: PUSH BC
2049 F5 PUSH AF
204A CD 14 OB CALL ONE
204D FD 77 00 LD (IY+0),A
2050 F1 POP AF -
2051 CD 21 08 CALL CONVER
2054 CD 48 02 CALL SCAN
2057 C1 POP BC

2058 FD 23 INC 1Y
205A 10 EC DJNZ LOOP

B-19



205C FD 21 70 FE LD IY,DEST

2060 FD CB 00 26 SLA (IY40)
2064 FD CB 00 26 SLA (IY+0)

2068 FD CB 00 26 SLA (IY+0)

206C FD CB 00 26 SLA (IY+0)

2070 FD TE 01 LD A,(IY+1)

2073 FD B6 00 OR (IY+0)

2076 57 LD D,A

2077 FD CB 02 26 SLA (IY+2)

207B FD CB 02 26 SLA (IY+2)

207F FD CB 02 26 SLA (IY+2)

2083 FD CB 02 26 SLA (IY+2)

2087 FD TE 03 LD A, (IY+3)

2084  FD B8 02 OR (IY+2)

208D FD 77 00 LD (IY+0),A

2090 7A LD A,D

2091 FD 77 01 LD (IY+1),A ;NOW THE DEST HAVE BEEN

sOFFSET ADDR ALREADY.

$sSET MODE AND COMMAND FOR #8251.

2094 3E 00 LD A,0 sRESET #8251
2096 D3 1F OUT (1FH),A

2098 D3 1F OUT (1FH),A

2094 D3 1F OUT (1FH),A

209C  3E 40 LD A, 40H

209E D3 1F OUT (1FH),A

20A0  3E DD LD A,0DDH 3 8 BIT DATA,2 BIT STOP
20A2 D3 1F OUT (1FH),A 3 1BIT START,ODD PARITY
20A4 3E 14 LD A,14H ; RXD ENABLE

B-20



2046
20A8
20AB
20AD
20AE
20B1
20B3
20B6
2087
20BA
20BB
20BE
20BF.
20C0
20C1
20C3
20C8
20CA
20CC
20CF
20D0
2003
20D5
20D7
20D8
20DA
20DB
20DE
20DF

D3
Cb
3E
BA
c2
0E
CD
42
cD
D5
CcDh
El
6A
ES
DD
Cb
ED
DD
CD
TA
DD
DD
10

" 79

ED
47
CcD
TA
B8

1F
4A 21
3A

00 20
0c

23 21

23 21

23 21

El
23 21
5B 70
19
23 21

77 00

23

F5

44

23 21

FE

MPF2:

MPF3:

OUT (1FH),A
CALL MPFBY

LD A,3AH ; 3AH = ":"
CP D

JP NZ,MAIN

LD C,0 s CHECKSUN
CALL MPFBY2 .
LD B,D sBYTE COUNT
CALL MPFBY2  ;ADDRESS 1st BYTE
PUSH DE
CALL MPFBYZ  ;ADDRESS 2nd BYTE
POP HL

LD L,D
PUSH HL
POP IX

CALL MPFBYZ  ;RECORD BYTE 00.
LD DE, (DEST)

ADD IX,DE ;ADDRESS FOR STORE DATA.
CALL MPFBYZ  3LINE DATA
LD A,D

LD (IX+0),A

INC IX

DJINZ MPF3

LD A,C s CHECKSUM
NEG

LD B,A

CALL MPFBY?2

LD A,D

CP B

ey

RO

B-21,



20E0
20E3
20E6

20E9
20EC
20EE
20EF
20F2
20F4
20F7
20F8
20FA
20FC
20FD
2100
2101
2104
2105
21086
2107
2109
210C
2110
2112

c2
CD
CD

(%))
3E
BA
c2
OE
(%))
TA
FE
28
47
CD
D5
CD
El
6A
ES
DD
CcD
ED
DD
18

00
44
4A

4A
3A

00
00
23

00
18

23

23

El
23
5B
19
B8

20
21
21

21

20

21

21

21

21
70

FE

JP NZ,MAIN
CALL MPFBY sCR
CALL MPFBY sLF

3 START NEW LINE.

“sEND OF

~

CALL MPFBY

LD A,3AH

CP D

JP NZ,MAIN ;CHECK FIRST BYTE IS ":"7
LD C,0 3 CHECKSUM

CALL MPFBY2

LD A,D.a 3BYTE COUNT

CP 0

JR Z,MPFEND
LD B,A

CALL MPFBY2
PUSH DE
CALL MPFBY2
POP HL

LD L,D

PUSH HL

POP IX

CALL MPFBY?2
LD DE, (DEST)
ADD IX,DE sADDRESS START
JR MPF3

DATA.

B-22



2114
2118
2119
211B
211E
2121
2122

2123
2126
2129
212B
212D
212F
2131
2132
2133
2135
2137
2138
2139
213A
213B
213C
213F
2142
2143
2144
2145

086
CD
10
CD
CD
AF
FF

CD
CD
CB
CB
CB
CB
F5
C5
06
10
00
(8]0]
00
00
C1
CD

[== 2D I ¢
N o

(83}

04
23
FB
44

4A

4A
14
07
07
o7
07

98
FE

44

14

21
21

21

0B

21
0B

ro

/

v
P

MPFEND:
MPFND1:

LD B,4

CALL MPFBYZ

DJNZ MPFND1

CALL MPFBY
CALL MPFBY
XOR A

RST 38H

;SUB READ TWO BYTE

;AND CONVERT TO HEX CODE.

MPFBY2:

DELAY:

LOOP1:

CALL MPFBY
CALL ONE
RLC A

RLC A

RLC A

RLC A

PUSH AF
PUSH BC

LD B, 152
DJNZ LOOP1
NOP

NOP

NOP

NOPy

POP BC
CALL MPFBY
CALL ONE
LD D,a

POP AF

OR D

LD D,A

sDELAY 1120 us



2146
2147
2148
2149

214A
214cC
214E
2150
2151
2152
2153
2154
21586
2158
2159

2154

DB
CB
28
00
00
00
00
DB
DB

C9

1F
4F
FA

LD A,C
ADD A,D
LD C,A
RET

5SUB READ ONE BYTE

MPFBY:

IN A, (1FH)
BIT 1,A
JR Z,MPFBY
NOP

NOP

NOP

NOP

IN A, (1EH)
IN A; (1EH)
LD D,A
RET

END
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'PROGRAMMABLE COMMUNICATION INTERFACE

»

= Synchronous and Asynchronous
Operation -~

* Synchronous:
5-8 Bit Characters
- Internal or External Characler
Synchronization
Automatic Sync Insertion

= Asynchronous: i
5-8 Bit Characters
Clock Rate — 1,16 or 64 Times

Baud Rate
Break Character Generation _
N 1,114, 0r2Stop Bits "
= »= == False Start Bit Detection i 5
i

= Baud Rate —DC to 56k Baud (Sync Mode)

DC to 9.6k Baud (Async Mode)
‘w Full Duplex, Double Buffered,
Transmitter and Receiver

Error Detection — Paritjf Overrun,
and Framing

Fully Compatible with 8080 CPU
"28-Pin DIP Package

All Inputs and Outputs A}e
TTL Compatible ~

Single 5 Volt Supply
= Single TTL Clock - b o e e am

-t e -

_The 8251 is a Universal Synchronous/Asynchrénous Receiver / Transmitter (USART) Chip desigred for data
‘communications in microcomputer systems. The USART is used as a peripheral device and is programmed
by _the CPU to operate usmg virtually any serial data transmission technique presently in use {including I1BM
Bl-Sync) The USART accepts data characters from the CPU in parallel format and then converts them into
.2 cpntmuous serial data stream for, transmission. Slmultaneouslv it can receive serial data streams and con-

- “vert them into paralle! data characters for the CPU. The USART. will signal the CPU whenever it can accept
. _ anew, character for transmission or whenever it has received a character. for the CPU. The CPU can read the -
complete_status of the USART at any time. These include data transmission errors and control signals such

as SYNDET, Tx@MPT The chlp is constructed using N-channel silicon gate technology.

Y a PIN CONFIGURATION 1%

S

\Y > Lty @ R
sd - -.BLOCK DIAGRAM
D, “ o\ - 4
q - T -
. 0, Y e e Yo —— SRS
| . Vee " e # ) B .
: AxC ’ @ 0ATA TRANSMIT ™0
. - < . . 8US K ' . BUFFER |—
L e G, & 030 - BUFFER = {P-s) -
S e RTS . :
= - DSR = -
RESET
B RESET. .} E
cLx eLx | . TxrOY
TxD - "] READMRITE
2
¢ TRANSMIT TE
TREMPTY o “,’.%Eg" . contROL "
— . ™t
(55 wR - [~
. —9
SYNDET .
TxROY a
- - . - - -
O3A ——ad
Pin Name | Pin Function Pin Name | Pin Function BTR o L | aeceve
700 | Data Bus (B its) B5A Data Sat Ready uooem <:__~ BUFFER |=—R*0
c/o Control or Data it to be Written or Read OTR Data Terminal Ready [y Ju—— I1s-p)
- RD Read Oata Command | SYNDET | Sync Detect [ ¢ J—
WR Write Data or Control Command aTs Request 1o Send Data
cs Chip Enable «, (35 Clear 10 Send Data 1 I
cLK Clock Pulse (TTL) TaE Transmitter Empty P
RESET Rewt Vee +5 Volt Supply Ve . RxROY
e Tracsmitter Clack GND Ground y L mecene | mm
TxD Transmitter Data INTERNAL CONTROL
.| A2 Receives Clock DATA BUS o SYNDET
AxD RAeceiver Data
AxROY | Aeceiver Ready (has character for 8080) N\
TxADY | Tranmitter Ready (ready for char, from 8080)




- "RESET {Reset) -

definition. _

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-

computer System. Like other |/O

devices in the 8080 Micro-

computer System its functional configuration is programmed

can support virtually any serial
in use (including IBM “bi-sync*}.

e by the systems software for. maximum flexlblhty The 8251

data technique -turrently

In a2 communication environment an interface device must

convert parallel format system data into’serial format for

transmission and convert incoming serial format data into

parallel system data for reception.

The interface device must

also delete or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear ‘““transparent” to the CPU, asimple

inptit Or output of byte-oriented

Data Bus Buffer

system data. "~

.. -
s [S—

This' 3-state, bi-directional, 8-bit buffer is used to interface
the 8251 to ‘the 8080 sy3tem Data Bus. Data is transmitted
of received by the buffer upon execution of INput or OUT-

putinstructions of the 8080 CPU.

Control words, Command

words and* Status mformatlon are also transferred through

the Data Bus Buffer T a

~ Read/Write Contro! Logic*

B gem eas w .

This functional black accepts, inpuis from the 8080 Control
bus and generates control signals for overall device operation.
It contains the Control Word Register and Command Word
Register that’ store the various control formats for device

functianal defmmon

o

A “’high” on this input forces the
The device will remain at “Idle”
words is wntten into the 8251

RSN pus

CLK {Clock)

3.

W

B

8251 into an “ldle’’ mode.
until a new set of control

to pr.ogr‘érn its functlonal

The CLK input is used to generate internal devicé timing
and is normally connected to the Phase 2 (TTL) output of

the 8224 Clock Generator. No~

external inputs or outputs

are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter clock in-
puts for synchronous mode {4 times for asynchronous

“mode).
WR (Write)

A "“low” on this input informs

the 8251 that the CPU is

outputting data or control words, in essence, the CPU is

w,riti"ng out to the 8251,
RD (Read)

A "low" on this input informs the 8251 that the CPU is in-
putting data or status information, in essence, the CPU is

reading from the 8251,

—— -

manuIn — i 283
SILICON GATE MOS 8251 g ETaR

8251 BASIC FUNCTIONAL DESCRIPTION T ] ) ™

Ger!eral g C/ﬁ- (COn"trollD.at-a‘) - ‘ DR LR _—:‘ X

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word on the Data Bus is either:a
data character, control word or status information. -
1=CONTROL 0=DATA

€S(ChipSelect) _ -~ ... 7T

A “low" on this input enables t‘he 8251. No reading or writ-
ing will occur unless the device is selected. ’

»! READWRITE N
CONTROL
Logic

c/O RD WR CS ' L. - xe
0 0 1 0 8251 =DATABUS

0 1 0 0 DATABUS=8251

1 0 1. O  STATUS=DATFABUS % wi: = -
1 “:1w .0 . 0 DATABUS=CONTROL

X X X 1 DATABUS= 3-STATE
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SILICON GATE MOS 8251. -

Modem Control .

The 8251 has a set of control inputs and outputs that can
be used to Simplify the interface to almost any Modem.
The modem control signals are general purpose in nature
and can be used for functions other than Modem control,
if necessary.

-t iy . - a——— e ws

- N - “s

DSR (Data Set Ready)

The DSR input signal is general purpose in nature. Its con-
dition can be tested by the CPU using a Status Read opera-
tion. The DSR input is normally used to test Modem con-
ditions such as Data Set Ready.

N,

DTR (Data Terminal Ready)

The ﬁ output signal is general purpose in nature. It can
be set “low” by .programming the appropriate bit in the
Command Instruction word. The DTR output signal is norm-
ally used for Modem control such as Data Terminal Ready
or Rate Select. -

-~
1

‘RTS (Request toSend) - -
T!\e R'[S. output signal ‘is geperal purpose in nature. It can
be set “low” by programming the appropriate bit in the
Command Instruction word. The RTS output signal is norm-
ally used for Modem contro! such as Request to Send.

CTS (Clear to Send) - - ' -
A “low” on-this J'pput enables the 8251 to transmit data
(serial) if the Tx-EN bit in the Command byte is set to a
“’one, 3

S

wt ER,

Transmitter Buffer

The Transmitter Buffer accepts‘ parallel data from the Data
Bus Buffer, converts it to a serial bit stream, iijserts the ap-
propriate characters or 'bits {based on the communication
technique) and outputs a composite serial stream of data on
the TxD output pin.

Transmitter Control

The Transmitter Control manages all activities associated
with the transmission of serial data. ‘[t accepts and issues
signals both extemally and internally to accomplish this
function. .

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is ready
to accept a data character. It can be used as an interrupt to
the system or for the Polled operation the CPU can check
TxRDY using a status read operation. TxRDY is automatic-
ally reset when a character is loaded from the CPU.

TxE (Transmitter Empty)

When the 8251 has no characters to transmit, the TxE out-
put will go “high”. It resets automatically upon receiving a
character from the CPU. TXE can be used to indicate the
end of a transmission mode, so that the CPU “knows’* when

~to turn the line around” in the half-duplexed operational

mode. . .

In SYNChronous mode, a “high” on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to be transmitted automatically
as “fillers”.

TRANSMIT
BUFFER
(-5}

bt
&
)
4
&
‘#\

™
Ly
P

o o

|- 2 TuRDY.7
) ¥

¥

TRANSMIT
CONTROL

%

g‘e“ﬁ”,

g
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TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the frequency of TxC is equal to the actual Baud
Rate {1X). In Asynchronous transmission mode, the fre-
quency of TxC is a multiple of the actual Baud Rate. A
portion of the mode instruction selects the value of the
multiplier; it can be 1x, 16x or 64x the Baud Rate,

For Example:

If Baud Rate equals 110 Baud,

TxC equals 110 Hz (1x) .
TxC equals 1.76 kHz (16x)

TxC equals 7.04 kHz (64x).

It Baud Rate equals 9600 Baud,

TxC equals 614.4 kHz (64x).

The falling edge of TxC shifts the serfal data out of the
8251,
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Receiver Byffer

The Receiver accepts sérial déta, converts this serial input
to parallel’ format, checks for bits or characters that are
unique to the communication technique and sends an
"assembled’’ character to the CPU. Serial data'is input to
the RxD pin. i

- - e = -~

.

.~ Receiver Control - ¢ N
This functional block manages all receiver-related activities.

RxRDY (Receiver.Ready)

_This outputindicates that the 8251 contains a character that
is ready to be input to the CPU. RxRDY can be connected
to the interrupt structure of the CPU or for Polled opera-
tion the CPU can check "the condition of RxRDY using a
status read operation. RxRDY is automatically reset when
the character is read by the CPU.

RxC (Receiver Clock) =

The Receiver Clock controls the rate at which the character
is to be_received. In Synchronous Mode, the_vfrequency' of
RxCisequal to the actual Baud Rate {1x). In Asynchronous
Mode, the frequency of RxC is a multiple of the actual
‘Bdaud~ Rate. A_portion of .the mode instruction selects the
value of the'multiplie}; it can be 1x, 16x or 64x ~the Baud
Rate.

. 5
EESORN

JfBaud Rate’equals'EBOO Baud,
RxC equals 300 Hz (1x)
RxC equals'4800 Hz (16x)
_ﬁﬁ equals 19.2 kHz (64x)}.
1f Baud Rate equals 2400 Baud,
s RxC equals 2400 Hz {1x)
. = RXC equals 38.4 kHz {16x)
T » JBxCequals 153.6 kHz (64x).

o e
7

For Example:

B

Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be
handling both the transmission and reception operations of
a single link. Consequently, the Receive and Transmit-Baud
Rates will be the same. Both TxC and RxC will require iden-
tical frequencies for this operation and can be tied together
and connected to a single frequency source {Baud Rate
Generator} to simplify the interface. :

SYNDET (SYNC Detect)

This pin is used in SYNChronous Mode only. It is used as
either input or output, programmable through the Control
Word. It is reset to ““low” upon RESET. When uxsed as an
output (internal Sync mode), the SYNDET pin will go
“high” to indicate that the 8251 has located the SYNC
character in the Receive mode. If the 8251 is programmed
to use rdduble Sync characters (bi-sync), then SYNDET will
go “high” in the middle of the last bit of the second Sync
character. SYNDET is automatically reset upon a Status
Read operation.

2 e

When used as an input, (extemal SYNC detect mode), a

positive going signal will cause the 8251 to start assembling P
““data characters on the falling edge of the next RxC. Once

in SYNC, the “high” input signal can be removed. The dura-

tion of the high signal should be at least equal to the period

of RxC. .

RECEIVE
BUFFER

) 3 3 ps
RECEIVE 4 -
CONTROL fropbpbsitints 5%

F 7 2 < L 7
o ke v
o e ® A .
«
1 .. ADDRESS BUS .3
- AN L .
CONTROL BUS 3
X - IOR| VO W| RESET 2
; [ragh]
¢ - DATA BUS 1
b & 0,0, KD . WA RESET CLK
8251

8251 Interface to 8080 Standard System Bus
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DETAl LED'OPERATION DESCRIPTION
~ " General

The complete functional definition of the 8251 is program-
med by the systems software. A set of control words must
be sent out by the CPU to initialize the 8261 to support the
"~ desired ‘communications format. These control words will
program the: BAUD RATE, CHARACTER LENGTH
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH-
- : _RONOUS OPERATION, EVEN/ODD PARITY etc. In the
- < “Synchronous Mode, options are also provided to select either
inte(nfl or external character synchronjzation.

Once programmed, the 8251 is ready to perform its com-
‘munication functions. The TxRDY output is raised “high”
to signal the CPU that the 8251 is ready to receive a char-
. acter. Thls output (TxRDY) is reset-automatically when the
.CPU writes a character into the 8251 On the other hand,
- the'8251 receives serial data from the MODEM or 1/O de-
vice, upon receiving an entire character the RxRDY output
is raised “h1gh" to signal the CPU that the 8251 has a com-
plete character ready_ for the CPU to fetch. RxRDY s reset
automatlcally upon the CPU read operatlon

" _The 8251 cannot begin transmlssmn until the TXEN(Trans-

mitter Enable) bit is set in the Command Instruction and

- it has received a Clear To Send (CTS) input. The TxD out-
= put will be held in the marklng state upon Reset.

) Pfogrammihg the 8251

Prior_to starting data transmission or reception, the 8251
s ',must be loaded with a set of control words generated by
the CPU..These control sngnals “define -the complete func-
tional definition of the 8251 and must immediately follow
_a Reset operatlon {internal or external)

g The control words are spht into two formats:

1. Mode Instruction
‘2. Command Instruction . .
S e ¥ R
=7 "“TMode |nstruct|on T - -
This format defines the general operational characteristics
of the 8251. It must follow a Reset operation {internal or
- external). Once the Mode instruction has been written into
the 8251 by the CPU, SYNC characters or Command in-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control
the actual operation of the 8251,

Both the Mode and Command instructions must conform to
a specified sequence for proper device operation. The Mode
Instruction must be inserted immediately following a Reset
operation, prior to using the 8251 for data communication.

All control words written into the 8251 after the Mode In-
struction will load the Command Instruction. Command In-
structiens can be written into the 8251 at any time in the
data block during the operation of the 8251, To return to
the Mode Instruction format a bit in the Command Instru-

tion word can be set to initiate an internal Reset'operation_

which automatically places the 8251 back into the Modé
Instruction format. Command Instructions must follow the
Mode instructions or Sync characters.

[~ XN MODE INSTRUCTION
cD =1 SYNC CHARACTER 1
SYNC MODE
N\ cBet SYNC CHARACTER 2 ] ONLY*
€D =1 | COMMAND INSTRUCTION -
" co-0 DATA oA
= Py [Fe=11 - -
T b1 | commanp msTRucTION .
- ch=0 2 DATA .
- 5, . -
_ . . . ~eBe1 | COMMAND INSTRUCTION

*The sazond SYNC charscter is skipped it MODE instruction

has programmed the 8251 to single character Internal SYNC
Moda. Bath SYNC characters are skipped if MOOE instructior
has programmed the 8251 to ASYNC mode,

Typical Data Block

S TR =
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Mode Instruction Definition

The 8251 can be used for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
Instruction defines the functional operation of the 8251 the
designer can best view the device as two separate components
sharing the same package. One Asynchronous the other
_Synchronous. The format definition can be changed "ol
the fly” but for explanation purposes the two_ formats wnl
be isolated. - “

-

Asynchronous Mode (Transmission) -~

Whenever a data character is sent by the CPU the 8251
automatically adds a Start bit {low level) and the program-
med namber of Stop bits to each character. Also, an even
or odd Parity bit is inserted ptic. to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
_data is shifted out on the falling edge of TC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be continuously sent to

" “the TxD if commanded to do so.

When no data characters_have loaded into the 8251 the
- TxD output remains "hngh" (markmg) unless a Break {con-
tinuously low) }'xas been programmed. *

£

PR e e Ll P

-~

- o - -

Asynchronous Mode (Receive)

% -

“The RxD line is normally high. A failiig edge on this line

triggers the beginning of a START bit. The validity of this
“START bit is checked by again strobing this bit at its nom-
dinal.center. |f a low is detected again, it is a valid START
bit, and the bit counter will start counting. The bit counter
Aocates the center of the data bits, the parity bit {if it ex-
ists) 'and the stop bits. If parity error occurs, the parity er-
jor flag is set. Data and panty bits are sampled on the RxD
" pin with the rising edge_of BxC If a low leve! is detected as
the STOP bit, the Framing Error flag will be set. The STOP
bit signals the end of a character, This character is then

__loaded into the parallel 1/O buffer of the 8251. The RxRDY

pin-is raised to signal the CPU that a character is ready to
be fetched. If a previous character has not been fetched by
the CPU, the present character replaces it in the I/O buf-
fer, and the OVERRUN flag is raised (thus the previous
character is lost). All of the error flags can be reset by a
command instruction. The occurrence of any of these er-
rors will not stop the operation of the 8251,

D, Dy Oy O, D; B, D, D,

CLLRLLLLE]
| L

BAUD RATE FACTOR -
0 1 [ 1

) ° ° 1 1
- oz ~1 74 [SYNC -

.| Mope | x| ex) | teax) .
" CHARACTER LENGTH

[ 1 ] 1
- e [ 1 1
5 3 7 ]

BITS | BITS | BITS } BITS

\ PARITY ENABLE
1= ENABLE 0= DISABLE

EVEN PARITY GENERATIONICNECK

1=EVEN 0=00
A . N NUMBER OF STOP BITS
W ° 1 [] 1 .
° 0 1 1 -
= .
1 % 2 -
INVALID| g7 | iTs | BiTs — -
«

Mode Instruction Format, Asynchronous Mode v

TRANSMITTER OUTPUT

{ }
.. TsD  MARKING | ‘:‘RT oaTABITS | PARITY
o | —
o -~
RECEIVER INPUT & ~
s ha? 3 PP NP Y . — . -
4 {7 o e
. START unrrv sTOP
RaD. > I otsh l DATA mrs I o | .
N ol - ¥ - -
= v - - T
Sl 7 S ' . .
\ % B -1 -~ i - -
TRANSMISSION FORMAT - R -
= CPU BYTE (5-8 BITS/CHAR) or
- 1. .
4 ¢
. l DATA CHARACTER I -
¥, 55 —

ASSEMBLED SERIAL DATA OUTPUT {TxD}
START

Py
A PARITY sToP l

I ‘I DATACHARACTEE I 81T | QI‘TS
1+ §

po—— ppeam—

RECEIVE FORMAT . -

sToP - -
BIvs .

* SERIAL DATA INPUT [AxD)

. [ START

X a
BIT I DATA CHARACTER I

i+
i F

PARITY
BIT

CPU BYTE (5-8 BITS/CHAR)*

| DATA CHARACTER |
{4

*NOTE: IF CHARACTER LENGTH IS DEFINED AS5,6 0OR 7
BITS THE UNUSED BITS ARE SEY TO “ZERO™

Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD outputlis continuously high until the CPU sends

its first character to the 8251 which usually is 2 SYNC

character. When the CTS line goes low, the first character

is serially transmitted out. All characters are shifted out on
~ =~ + uthe falling edge of TxC. Ddta is shifted out at the same
*% * rateasthe TxC. & .

Once transmission has started, the data stream at TxD out-

put must continue at the TxC rate. {f the CPU does not pro-

- ¢ vide the 8251 with a character before the.8251 becomes

‘empty, the SYNC characters {or character if in single SYNC

‘word mode) will be automatically inserted in the TxD data

“stream. In this case, the TXEMPTY an is raised high to sig-

- nal that the 8251 is empty and SYNC characters are being

‘sent out. The TxEMPTY pin is internally reset by the next
character being writtén into the 8251

1
i
?

A .
.- & 4 -

< Synchronous IVIode (Receive)

‘%

In this mode, character synchronlzatlon can be internally
- or externally achieved. If the internal SYNC mode has been
=3 programmed the receiver starts in a HUNT mode. Data on
- . .the RxD pin is then sampled in on_the rising edge of RxC
“The content of the Rx buffer is contmuously compared
“with the first'SYNC character until a match occurs. 1f the.
8251 has been. programmed for two SYNC characters, the
subsequent received character is also compared; when both
SYNC characters’ have been detected, the USART ends the
HUNT mode and is in character synchronization. The SYN-
e « DET pin is then set hlgh and is reset automatically by a
N STATUS ‘READ. __ * ““;“ﬂ <o

In the extemal SYNC mode synchromzatxon is achleved by
applymgai'ugh level on the SYNDET pin. The high level can

i 3

be removed after one RxC cycle - K
AASIANTF LS e
R Parity error and overrun error are both checked in the same
-
R T way as ln the Asynchronous Rx mode. s

- ,;.?

* The CPU can command the receiver to enter the HUNT
;" mode if synchronlzatlon is lost.

LS

D, D" Dy D, Dy D; D, D

[sce[:so{v PEN[ Lzl 4L, o [O ]
- CHARACTER LENGTH
- - [] v o |1
o [ 1 1
5 ] 7 a
BITS | BITS | BITS | BITS

= PARITY ENABLE
{1 = ENABLE)
(0 = DISABLE}

—————————= EVENPARITY GENERATIQN/CMECK
1= EVEN
0-0D0

EXTERNAL SYNC DETECT
1=SYNDET IS AN INPUT
0= SYNDET IS AN OUTPUT

A SINGLE CHARAGCTER SYNC
1= SINGLE SYNC CHARACTER
0 * DOUSLE SYNC CHARACTER

A . T

: »
¥ S

Mode Iastruction Format, Synchronous Mode
N -

CPUBYTES (58 BITS/CHAR]

7 r DATA CHARACTERS ]

4 5 -y /v s

- - 3

ASSEMBLED SERIAL DATA QUTPUT (TxD}

g SYNC SYNC R
4 l CHAR 1 I CHAR 2 [ DATA CHARACTERS —|
- .
RECEIVE FORMAT -
SERIAL DATA INPUT (RxD}
SYNC SYNC
[ CHAR 1 cHAR 2 l OATA CHARACTERS j

CPU BYTES {58 BITS/CHAR)

¥ -

[ DATA CHARACTERS l

Synchronous Mode, Transmission Format




MAEUIN .

L3

SILICON GATE MOS 8251

'COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251 has been pro-
‘grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command [nstruction
controls the actual operation of the selected format. Func-
tions_such as: Enable Transmit/Receive, Error. Reset and
Modem Controls are provided by the Command lnstruction.

Once the Mode Instruction has been written into the 8251
and Sync characters inserted, if necessary, then all further
*icontrol writes” (C/D = 1) will load the Command In-
struction. A Reset operation (internal or external) will
return the 8251 to the Mode Instruction Format.

STATUS READ DEFINITION :

in data communication systems it is often necessary to
examine, the “status” of the active device to ascertain- if
errors have occurréd or other conditipns that require the
processor’s attention. The 8251 has facilities that allow the
programmer to “read’’ the status of the devnce atany time
.during the functional operation. . < e .

A norma! “read” command is issued by the CPU with the
C/D input at one to accomplish this function.

Some.of the bits in the Status Read Format have identical

meanings to external output pins so that the 8251 can be’

used in a completely Polled environment or in an interrupt
driven environment.

s

% O ©s D, Dy O, B pg
[ EH | in lﬂ'rsl ER ‘ssax[me IDYR Iheul

- l‘ TRANSMIT ENABLE
1 = snable

SEND BREAK
CHARACTER
1= forces TxD “low”
0 = normal operstion

N ERROA RESET
1 = raset all error flags
PE, OF, €

REQUEST TO SEND
“high” will force RTS
output to zero

INTERNAL RESET
“high™ returns 8251 to
Mode Instruction Format

ENTER HUNT MODE
1 = ensble search for Sync
Characters

‘Command Instruction Format

9, Dg Oy 04 0y 0 ] O

RxRDY

OSR | SYNDET| FE OE PE TxE TxRDY

AR SN\ | [ |

SAME DEFINITIONS AS 1/O PINS

b N PARITY ERROR -

the ER bit of the Command
Instruction. PE does not inhibit
_operation of the !Bl‘ .

OVERRUN ERROR

The OE flag it set when the CPU

does not read 2 character before

the next one becomes available.

1t n resat by the ER bit of the

Command tnstruction. OE does

& \ not inhibit operation of the 8251;
4 however, the praviously overrun

an i * cheracter s lost,

P FRAMING ERROR {Async only)
The FE flag is set when & valid
Stop bit is not detected at the
ond of every character, It s reset
by the ER bit of the Command
Instruction. FE does not inhibit
the aperation of the 8251,

Status Read Format
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AI.DPLICATIONS OF THE 8251 ) . - b

o W " _ADDRESS B;JS T e e = { G - - ADDRESS BUS e {
S_l I ! CONTROL BUS . | S'l r ; : CONTROL BUS Y
e [ l I DATA BUS — 1 GATA BUS {

S .&@U

- . r=—==x
RO jo———] EIATOTTL
CONVERT o - 0
mop———l Tiom . PHONE -
8251 - b g ‘ f 65" ASYNC LINE
- e b—l b 5TRp— MODEM INTER-
. =l L BAUD RATE . FACE
> e GEYFRATOR TERMRAL & & .
- RTS
e, - Aew Fe e e [ . = . 2 '
= fixC BAUD -
- g RATE
Asynchronous Serial Interface to CRT, Termmal : % SEERATOR: TELEPHONE
DC-9600 Baud . A 77 LINE
P . - B Sn R purctronly W L0 A - - e - -
; +F - —i ] i =

< S 4 P %

Asynchronous Interface to Telephone Lines

K of A ~ M .
, == 3
o . +- N - _— i . % -
Y A, - ADDRESS BUS € - { ¢ ADDRESS 8US . )
e R L= /A
.___-CONTROL BUS . | )_l - CONTROL 8US S
DATA BUS . j ) =~ S DATA BUS : }
- - e RaD = P30
—— . . TP SYNCHAONO S st 0 - o PHONE
5 TERMINAI .53 LINE
8251 AT “'——1 OR PERIPHERAL f'? INTER.
e DEVICE " FACGE
. SYNDET Svyne
SYNDET e MODEM
CTS
R - ATS
D3R
——T 03 oTR
Synchronous Interface to Terminal or Peripheral Device ' ' TELEPHONE
. * LINE

Synchronous Interface to Telephone Lines
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D.C. Characteristics: Ta = 0°C to 70°C; Ve = +5V 5% Vg = OV . )
Symbol I Parameter ’ Min. Typ. Max. Unit Test Conditions )
ViL Input Low Voltage .8 v -
ViH Input High Voltage 20 ° \Y
lor=2.0mA(DBg7),
VoL Output Low Voltage ) 4 \ 1 GmA(Olhers) .
. . . - - = vme - !Lg’so A —— e Sk
. - 1A (DBg.7), 5
Vou Output High Voltage 24 ' \' 100[.1A (Others)
Iec Power Supply Current 80 . mA & ~_E:,§ .,,;,5
It | Input Load Current 10 - A AV =0V 10'5.25V :
loL Output Leakage Current (DB Low) -100 Aﬁl} i v‘Zg\/éU?;O.f}V
lLoH Output Leakage Current {DB High) -
" A.C. Characteristics: Ta =0°C to 70°C; Vgg = +5V £5%; Vg = OV |
Symbol Parameter 7 Min
toy Clock Period o
“tow Clock Pulse Width 4% ﬁ;;‘{" L
tco Clock Pulse Delay Ans % Do
LERTS *Clock Rise and Fall Time_ BT %m%o .
twr - | Write Pulse Width . ﬁ}’ T AP g ns p
tos Data Set-Up Time for WRITEY T A :{90‘ : ns S e
ton Data Hold Time for WRITE & RN ) ns ‘ N
top Data Delay from READ 3 .. EEh o] 350 ns | Cp=150pF }
teo READ toData Floating = &5, £ ¥ | 160 ns | CL=150pF -
taw Address Stable before WRITE R "‘?' xvﬁf’?’ L‘\050 5 ‘ns . e
.tw;\ Address Hold Time for WRITE__;@‘% L\::' ¥ 40 ns g T o=
tAR Address Stable before‘BEA[_);%jﬂf;gy :QS’\ = ) “ns ] - < ] .* T T
tRA Address Hold Time for READ , 2%~ . ° 3 -0 r ns R
toTx TxD Delay from Rising Edge of;lv% é‘i" = “300 ns - v
tsRx Rx Data Set-Up Timé to Sampling Pulse 500 ns ‘
tHRx_ Rx Data Hold Tlme to Sampling Pulse 6 T . CLK .
<-:, P Period *
. - S d »
frx Transmitter Input Clock Frequency
1X Baud Rate 56 KHz -
16X and 64X Baud Rate 615 - KHz Lt
frx Receiver Input Clock Frequency
1X Baud Rate 56 - KHz
16X and 64X Baud Rate 615 -| KHz
tTx TxRDY Delay from Center of Data Bit 6 t | CLK Cy =50pF
Period
tRx RxRDY Delay from Center of Data Bit 6 CLK
.- Period
Us Internal SYNDET Delay from Center of 6 CLK
Data Bit Period
tes External SYNDET Set-Up Time before Rising . 6 CLK
Edge of RxC grPeriod
;;r%.,z,,'~~ “« o
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C by ] k - “
Lo B % 3 “tax
) 7 SWRITE E - X ta—e| = ftop  toe b
e N taw s . bR fe— "E‘p;?-.;.

f‘; U o * badia s “*WRITE AND READ PULSES HAVE NO TIMING LIM“T—Y'OM WITH RESPECT YI;CLK.
© TRANSMITTER CLOCK AND DATA
a T5C {1x BAUD] 3 /
T Ly 18 TxC PERIODS
. "¥RE (162 BAUD) AN LT P
- LT £ ,
. o ED e
- d - A e b
o - .

" 3v %W Evi; 'RECEIVER CLOCK AND DATA y
:W\«,?a’

RxD _ % > ]
RxC (12 8AUD) \ ‘:4;3’— N%} &
. INTERNAL }}‘% 5! %\‘ ,{/\ -
iy D

e
L
~ mEuNa {1’ o A I
i a : =
N - b START 81T SR Sreiinl 40 SATABIT .
R Yt U e Ww TS S
- . D N T o

— Tnx !
RxT (16x BAUD)

|

= o ¥ W% T
- INTERNAL r—sa.cpen{onsmq xcrsmoos%—#.t
. . SAMPLING (15 'a-&, Y n
oo . PULSE I S
. ~ - - — o

. - WA
/TRy ANDRs M A &
i - ¥ Tx RDY AND Rx RDY TIMING {(ASYNC MOD 2 .
- . ‘ D ,@ Al E ;
- < _s I PAﬁs!Y BT ISTOP BIT | _STARTBIT
A Yox <
S JE"—'\,,l -

N ;
A3 > :
& : -

oy
. gl
5 ¢
. WRITE 3rd BYTE
DATA BIT _ | pasITY BIT] STOP ,B” '| sTaRT8IT |
e taDATABYTE — } 2nd DATABYTE

INTERNAL SYNC DETECT

SYNC CHARACTER (01101001) ]
RxD R BIT T 1 I LAST BIT [
RESET BY
SYNDET s / SOFTWARE
. COMMAND

{ouTeuT)

EXTERNAL SYNC DETECT

me L 1 | e e I Ea—
— 'q— tes N
SYNDET 1
(INPUT)

xR
L

4






