MG402/IM6403

Universal Asynchronous

FEATURES e

@ Low Power — Less Than 10mW

Typ. at 2MHz
Operation Up to 4MHz Clock — IM6402A
Programvmébie Word 4

®
@
i
@

Compaiib!e with Industry Standard UART's —
IM6402 )

On-Chip Oscillator with External Crystal —
IM6403

Operating Voltage —

— IM6402-1/03-1: 4.7V
— IMB402A/03A: &-91V o
— IMB402/03: &7V

LD 6TOMW -to 1OmW. Status logic increases

Length, Stop Bits and Parity

Auwméﬁc Data Formatting gﬁd Status Generation

" Receiver Transmitter

UART)

 GENERAL DESCRIPTION.~

‘The IM6402. and IMB403  ere CMOS/LSI UART's for
-interfacing computers of microprocessors to asynchronous
serial data channels. The receiver converts serial start, data,
‘parity and stop bits tc parallet data’ verifying proper code
transmission, -parity, and stop bits. The transmitter converts
paralie! data into serial form and automatically adds start,
_parity, and stop bits. - S e :

The data word length canbe 5, 6, 7 or 8 bits. Parity may be odd
or even, Parity checking and generation can be inhibited. The
stop bits may be one -or two for one and one-half when
transmitting ‘5 bit code}. Seria! date format is shown-in
‘Figure 7. s , x
The IMB402 and {MB403 can -be used in a wide range of
applications including modems, - printers, peripherals and

. remote data acquisition systems. CMOS/LS! technology

~ permits operating clockfrequencies up to 4.0MHz {250K Baud}
- animprovementof 1 Oto 1 overprevious PMOS UART designs.

Power requirements, by comparison, &re reduced from
flexibiiity and
simplifies the user interface.

- The IMB402 differs from the iMB8403 on pins2,17,18,22, and

40 asshownin Figure 5.The #8403 utilizespin2asa crystal

" divide control and pins 17 and 40 for an inexpensive crystal

- oscillator. TEREmpty and DReady are always active. All other

“input and output functions of the iM6402 and {MEB403 are
identical.

TABLE1"
16403 w/EXT CLOCK
DivIDE CONTROL
EXTERNAL CLOCK INPUT
: GND

DIVIDE CONTROL
XTAL
XTAL

See Table 1

ORDERING INFORMATION

1#6402-1/83-1 (64024/03A
1M6402-1/03-11PL 'I!\LM_O?IOS-A!PL
1M6402-1/03-110L 1MB402/03-AI0L
1M6402-1/03-1MDL IM6402/03-AMDL

1M6402-1/03-1 1M6402/03-AMDL/
MDL/8838 8838

1¥6402/03
1M6402/03-1PL

OROER CODE
PLASTIC PKG
Cw PKG
MILITARY TEMP.

MILITARY TEMP.
WITH 8838
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IM6402/IM6403

RBR1#———

AR

i Vee- ) S— ’
el 2 39} EPE A
GND 3 38 fe———cLs1 i
R e “ e
RBRE=— § 36 f———s58S :
i RBR] ot & 35 fa———pi
RBR6e——f 7 B i : :1 !
RBRG=—— § 33 fe—TERS
RBR4e———r ¢ - 32 fe———T8R7
RBR3<——110 31—t TBRE
4 RBRZd 110 30 e TBRS i
d 2 - ”'-‘“’zs l+———TBRe

" 28f«———TBR3
) 27 fe——— 182 s
Lo 26fe— e TBRY
: 254——TRO

23 = TERL

22— TBRE

20 & 21p———MR

'DIFFERS BETWEEN IM6402 AND IWi6403. ¢ 2L

IM6403 FUNCTIONAL PiN DEFlNlTiON

2 FIGURE1 Pin Canl’iguratlon

“

Foh

T

T

PIN SYMBOL oEscimPnoN T
1 Vee Positive Power Supply
2 | IM6402-N/C ' | No Connection
IM6403-Control| Divide Control
High: 24 [(16) Divider R
Low: 21" (2048) Dlvnder
3|+ GND Ground et 2 TR KA
4 RRD A high leve! on RECEIVER REGISTER
i DISABLE forces the receiver holding
register outputs RER1-RBR8toa highim-
i pedance state.
5 RBR8 The -contents of the RECElVER BUFFER
} ) REGISTER appear 'on these three-state
e outputs. Word formats less than 8 char-
3 acters are right ‘usxmed to RBR1.
i
6 RBR7 See Pini6. 5 RBRB
7 RBR6 See Pin '54—— RER8
8 RBR5 :
9 RBR4 *~ | See Pin5--RBAS -
10 RBR3- | See Pin 5 — RBR8.
11 RBR2 See Pin 5— RBRS;
12 RBR1 See Pin'5 — RBR8
13 PE A high level on PARITY ERROR indicates
k that the received parity does not match
parity programmed by control bits. The
output is active until parity matcheson a
succeeding character. When parity- is
inhibited, this output is fow.

- INTERSIL

IM6403 FUNCTIONAL PIN DEFINITION
(Continted) i

SYMBOL

19

21

23

24

25

22 £

iMB402-RRC
Hi6403-XTAL

o EXT CLK i

RRI .

MR

. TRE

TRO

| /A high level on FRAMING ERROR indi-

. cates the data received flag was not

“*1M6402 oni

i Serial 2data on

,requwedaftefmwerup

| REGISTER LGAD transfers data from in-

appear serially -at- the TRANSMITTER

cates the first stop bit was invaiid. FE will |
stay active until the next vaiid character’s
stop bit is received.

A high level on OVERRUN ERROR indi-

cleared before the last character was |
transferredto the receiver bufferregister. .
The Erroris reset at the next character’s |
stop bit if DRA has been performed (l e.,
~BRR: active- dow). |

A hmb fevel on STATUS FLAGS D‘SABLE‘
forces the outputs PE, FE, OE, DR TBRE

to-2 -high impedance state. See thure 4 |
and Figure 5. ) x

The RECEIVER REGiSTER CLOCK is QSX
the receiver data rate. J .

A 'low level on-DATA RECEIVED RESET
clearsthe data fex:ewed outpu% (DR} toa_
fow fevel.

Ahigh level on DATARECEIVED indicates-
& character has been received and trans-
{erred to the receiver buffer register.

RECEIVER REGISTER
HNPUT is clocked intc the receiver
register:- - ”

A high fevel on MASTER RESET (MR)
ciears PE, FE, OE, DR, TRE and sets TBRE,
TRO high. Less than 18 clocks after MR
goes low, TRE returns high. MR does not -
clear the receiver buffer reg4s{er ﬂnd is

A high levei,,on TRANSMHTER BUFFER
REGISTER "EMPTY indicates the trans-
mitter bufifer regisier has transferred its
data to-the transmitter register and is
ready for new data. -

A low Seve, on TRANSMITTER BUFFER

puts TERT-TBR8 into the transmitter
buffer register. A low to high transition
on TBRL requests data transfer to the
transmitter register. If the transmitter
register is busy, trensfer is automatically
delayed so that the two characters are
transmitted end to end. See Flgure 2.

A high feve! onTRANSMl'ﬂ’ERREGISTER
EMPTY indicates completed transmission
of a character.including stop bits.

Character data, start data and stop bits

REGISTER QUTPUT.

7-211
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iMe402/ IM6403
IMB403 FUNCTIONAL PIN DEFINITION .

(Contlnued)

IM6403. FUNCTIONAL PIN DEF!NITION

(Continued)

LOAD -ioads the control register. See
Figure 3.

~r<212

“PIN| symsoL DESCRIPTION PIN | symsoL DESCRIPTION
26 TBR1 | Character data is loaded into the TRANS- 35 P A high level on PARITY INHIBIT inhibits
an 2 5nieada MITTER BUFFER REGISTER via inputs parity generation, parity checking and
2 TBR1-TBR8. For character formats less . forces PE output low.
+ than 8-bits, the TBR8, 7, and 6 Inputs are ) A S e
' ‘g"g"’d P oApunding: 1, the program: 36 sBS* A high level on STOP BIT SELECT selgcts
madiword fengtiy ., 1.5 stop bits for a5 character formatand 2
ine ’ 5 43 A ; stop bits for other lengths.
1 27 b TBRZ  See Pin 26 —TBR1 - :
2ot P! ? o S i 37 cLs2* These inputs program the CHARACTER
28 | "TBR3 ! 'See Pin'26 —TBR1 - LENGTH SELECTED. (CLS1 low CLS2 fow
g e Rt ~ | 5-bits) (CLS1 high CLS2 low 6-bits} (CLS1
28 il N L ; low CLS2 high 7-bits) (CLS1 high CLS2
E , o . : \ _high 8-bits)
0 b 3R e S IR 26 R TR - iy 38 cis1e | See Pin37 — cLs2
gl R6 | SeePin26 — TBR1 : 3 o
8 i b 39 EPE* When Pl is low, a high level on EVEN
a2 C ) . PARITY ENABLE generates and checks
TBR7 See Pin 26 — T8R1 1 even parity. A low level selects odd parity.
33 T8RS -See Pin 26 — TBR1 e
o 1] 40 |IMB402-TRC | The TRANSMITTER REGISTER CLOCK is
3a CRL A high level on CONTAOL REGISTER e 1 9% T8 ymnamik duts rates

- *See Tabie 2 (Control Word Function

TABLE 2. Control Word Function

1

T - CONTROL WORD :
&iss it T EPE =58 DATA BITS | PARITY BIT | STOP BIT(S)
L L L L L 5 oDD 1
I A L - Ly L CH 5 . oDD .- 1.5 :
L g ‘L H g = B4 -~ EVEN 1 )
e d L H H "5 EVEN 15
L L H X L '5 DISABLED 1
L L T H X ‘H 5 DISABLED 15
L H L L L 6 oDD 1
T Y BT L b H 6 - 0DD 2/
L TH L. H i L 6 EVEN 1/
L H L H H 6 ~ EVEN 2.
L “H H X . 6 DISABLED 1
L H H X H 6 DISABLED s 2
© H L = L T L 7 0DD 1
“H L L L _H 7 oDD 2
. H v b s L H Lo 7 EVEN 1
H sl Lo H H 7 EVEN 2
H L T H X L 7 DISABLED 1
H. L. H X "H 7 DISABLED - 2
H S H g L L 8 oDD 1
H H L L H 8 0oDD 2
H- “H L H L 8 EVEN 1
H H L H H 8 EVEN 2
H . H H X L 8 DISABLED 1 -
H H. H X H 8 DISABLED 2

X =Don’t Care

3 ]
1.%
]
ey
2

IM6402/1Mi

IM6402A/1M840:

ABSOLUTE MAXI

Operating Temperature -
~ Industrial IM6402A1/0
N Military IM8402AM/0:
Storage Temperature ..
Operating Voltage ...:..
Supply Voltage
Volitage On Any input or

D.C. CHARACTER
TEST CONDITIONS: '

SYMBOL
1 Vin Input V
2 Vi Input V
3 {he Input L
4 {von Output
5 { VoL Output
6 |loL Output
7 {ice Power S
8 | lcc Power §
9 lce Power S
10 1 Cin Input C:
11 | Co Qutput

_ NOTE 1: Except IM6403 XT#

NOTE 2: Voe =5V, TA =25

A.C. CHARACTERI
TEST CONDITIONS: V

SYMBOL
1 | fc Clock Fr
2 | fcRysTAL| CrystaiF
3 | tpwy Pulse Wic
4 | MR Pulse Wic
5 | tps Input Da
6 | tpH input Da
7 | ten Output E

TIMING DIAGRAM!

¥
TBR1-TBR8
K.

VALID DATA

FIGURE 2. Data input




ME402/1M8403

M6402A/IM6403A

BSOLUTE MAXIMUM RATINGS AT LR b RLANGE R
perating Temperature - B : NOTE: Stresses above those hsted under’ "Absolute Maxumum
Industrial IMB402ZAI/03AL ....... _‘_H.,_ . -40°C to +85°C : Ratings” may cause permanent device failure. These are

A _5503’ to +125°C - ... stress ratings only and functional operation of the devices at

_65°C to 150°C these or any f)ther cor')d:tlon's'atx?ve Axhose‘ lndfca(ed in the

.+  operation sections of this specification is not implied. Exposure

perating Voltage -...............on 40V 10110V -, toabsolute maximum  rating conditions for extended periods
upply Voltage ......... fanin S UETHI2.0V . may cause dev:ce fanlures L A e

oitage On Any lnput or OQutput Pin .. -0.3V to Vgc +0.3V o o

Military 1M6402AM/03AM e
torage TemMperature «...............

C. CHARACTERISTICS Sy e

=ST CONDlTlONS. Vee = 4V to 1TV Ta= - Industrial or Mmtary

svmaov._ PARAMETER ) CONDITIONS MIN TTve2 | max UNITS
1 ViR Input Voltage High o ; 70% Vee e \
2 iV Input Voltage Low . . . : | 20%Vee \
3 iy Input Leskagell]l GND<VNSVee -10 . 1 10 kA
4 tvoy Output Voltage High' IoH = OmA Vee-0.01 LV
5 { Vop Output Voltage Low oL =0mA GND+0.01 v
5 { oL Output Leakage GND<VayTsVee o -1.0 1.0 BA
7 e Power Supply Current Standby ViN=GND or Vg 5.0 . 500 uA
—8_‘. Power Supply Current iM8402A Dynamic fo=4MHz . ) e 9.0 mA -
3— ETores Power Supply Current IMB403A Dynamic fCRYSTAL=3.58MHz T4 13.0 mA
W0 iCn. . | ioputCapacitancell]l . i TR e = e T B ¥, O T
itico - Output Capacitance{ 1] . ' v 80 | - 100 |- pF |
DTE 1: Excem IMB403 XTAL input pins.{i.e. pins 17 and 40}. ' AR B e e & R :
OTE2: Ve 25V, Ta=25°C v . B R ro e
€ CHARRCTERISTIOE " st iy LA T
ST CONDITIONS: Ve =10V + 5% CL= SOpF TA industrial or Military .~ "

SYMBOL _PARAMETER- CONDITIONS MIN TYP2 MAX UNITS
1 {ic Clock Frequency IMB402A ) D.C. - 6.0 4.0 MHz
2 ! fopysTAL| Crystal Frequency IMS403A ' v 8.0 . 6.0 MHz
3 | tpw Pulse Widths CRL, DRRA, TBRL ' o 100 20 ;- s
4 1 MR Pulse Width MR See Timing Diagrams 400 200 ) ns
5 | tps | Input Data Setup Time. . (Figures 2,3,4) 40 o ns
6 | tpH Input Data Hold Time ) 30 30 ns .
71 ten Output Enable Time a LA 70 ns

IMING DIAGRAMS

CLS1,CLS2, SBS, PI, EPE A SFD OR RRD

_ s
¥ L . =
8R1 - TBRS VALID DATA VALID DATA v
. % ! > \ I8
i A b, V.

STATUS OR . VALID
RBR1- RBR8 DATA

\ | - v,
< CRL L)
L Vi v,

o
N—
T tDH
; TR oty
ew

FIGURE 2. Data Input Cycle ) FIGURE 3. Control Register Load Cycle FIGURE 4. Status Flag Enable Time i
or Data Output Enable Time ;




IM6402/IMB403.
"~ _IM6402-1 /) IM640371

ABSOLUTE MAXIMUM RATINGS

Operating Temperature oy
lndusmal lM8402 11/03-1] ¢
Mnhtary IM6402-1M/03-1M ...t ...

Storage femperarure R e T

Operating Voltage R

Supply Voltage - +8.0V

Voltage On Any Input or Output Pm 3V to Vcc +0.3V

D.C. CHARACTERISTICS =~

-40°C to +85°C
55°C to +125°C

4.0V't0 7.0V

~65°C to+150°C

NOTE:
: Ratings'» may cause permanent device failure. These. ar

_ stress ratings only and functional operation of the devices a

) these or any other conditions above those indicated in th
operation sections of this specification is notimplied. Exposur
to absolute maximum  rating condmons for extended penod
may cause device failures.

R PN 2

TEST CONDITIONS: Voo = 5.0 = 10%, Ta = Industrial or Military YT B
SYMEOL PARAMETER ' CONDITIONS “MIN vz |- imax’
T Vi : _Input-Voitage High Vee-2.0 .
C2pviL | tnput Voltage Low s e - =% B T 08"
3| input Leakagel 1]~~~ - TGND<ViN<Veo a0 .o )
4| Vo - Output Voltage High : | ton=02mA 2.4 L :
5| Vor. ~~~| QutputVoitage Low b oou=zomAa o . 045
—§Flop e - Output Leskage ~ ] “GND<VguT<Vce ©-1.0 i 1.0
7 flec - Power Supply Current Standby '~ ViN=GND or Vg~ : - 1.0 ) 100
8 “lice “Power Suppiy Currant IMB402 Dy namic fo=2MHz = i ' = 1.9
8- 1ice Power Supply Current IM6403 Dynamic fCRYSTAL=3.58MHz i } L e
0 Cyy - input Capacitancei 1] 7.0 8.0
1 A Cy At Output Capacitance{1} =~ 8.0 10.0

NOTE 1: Except IME403 XTAL inputpins {i.e. pins 17 and 40).
NOTE 2: Voo =5V,

A.C. CHARACTER&ST?CS

TEST CONDITIONS: Vog = 5.0V £ 10%, CL = 50pF, Ta = Industrial or Military

Ta=25°Co ... .. SR :

SYMBOL PARAMETER CONDITIONS MIN “Typ2 MAX UNITS
1 g Clock Frequency IMB402 " . D.C. 3.0 2.0 MHz
2 ferysTAL | Crystal Frequency iM8403 > [EREET S X0) ] -3.58 MHz
3"ty 7! Pilsewidths CRL, DRR, TBAL : ‘150 {0 s0 [ ns'
4 1 tvR Pulse Width MR ¥ ! See Timin§ Diagrams 400 , 200 - . . ns
"5 1ps - input Data Setup: Time (Figures 2,3,4) o B0 1T 200 o ns
8-} tpH Input Data Hold Time : ) 60 < RO s 2 “ns
75 {.teN Output Enabie Time 80 | 160 ns
‘ — g i — : RECEIVER REGISTER
PIN 17 RECEIVER REGISTER 1 PIN 17 c y ;
RAC 16X CLOCK ' ! : [ »"———-—“{}0——— e 16X CLOCK
! ‘ 2%0R2
S e I | - X7ALL ) - woem=s - BWIDER AR e
e ] TRANSMITTER REGISTER [ L £ TRAMSWITTER REGISTER *
16X CLOCK i 163 CLOCK .~
’ DIVIDE .
PIN 2 ! DIVIDE CONTROL PINZ CONTROL 2
—_— N/C { L =DIVIDE BY 2048 Loy A
. I H=DIVIDE BY 16
S mMs402 i : 5
PIN 19 s b : PIN 19 :
e ; Y DR——*——*——*———Q——— o B . «
\ i BUFFERSARE *  |MB403
. X . » ALWAYS ACTIVE s s iy
PIN 22 BUFFERS ARE 3-STATE TN R REN
WHEN SFD = HIGH \ R ] e < . o
X )
\ -
PIN 16 -
PN TS \\ -
i Mot . s RO b i e 1 Wit e

The le403 differs from the IM6402 on three lnputs (RRC
TRC, pin 2} as shown in Figure 5. Two outputs (TBRE, DR) are -
not three-state as on the IM6402, but are always active. The
on-chip divider and oscillator allow an inexpensive crystal to
be used as atiming source rather than additional circuitry such )

FiGURE 5. thctionai Dmefence Between iM6402 and iM6403 UART (5403 has On- Ch!p 4/11 Stage stlder)

as baud rate generators. For examp!e, a color TV crystal at
3.679545MHz results in a baud rate of 109.2Hz for an easy

‘teletype interface (Figure 11). A 9600 baud interface may be

_implemented usinga 2. 4576MHzcrystal with the divider set to
" divide by 186.

Stresses ‘above those listed under “Absolute Maximum.

iMe402/1M8e4:
IM6402/1M6403

ABSOLUTE MAXiMU?

Operating Tamperature i

IM8402/03 .........
Storage Temperature .......
Operating Voltage ..........
Supply Voltage -~
Voltage On Any Input or Ou:p

D.C. CHARACTERIST

TEST CONDITIO‘JS VCC

symeoL |
1 | Vin Input,Voltag
2 ViL Input Voitac
3 {hue o0 | Input Leaka
41 Von - 1% Output Voit,
5 | voL Output Vol
6 |igL Output Leak
7 {lee Power Supgii
8 lice . Power Suppi
9 tice Power Suppi
10 | Cin Input Capac:
11 | Co Output Capa
NOTE 1: Except IM8403 XTAL ing

NOTE 2: Vpg =5V, Ty =25°C.

A.C. CHARACTERIST
TEST CONDITIONS: Vcc

SYMBOL
1 fc Clock Frequs
2 | fcRYSTAL| Crystal Frequ
3 | tpwy Pulse Widths
4 MR Pulse Width !
‘5 | tpg Input Data S
6 | tpy Input Data H
7 [ten 'Output Enabl
i et e i el
T ﬂms*l—-l ——I rael
 OTERL —fe vranswitrer|
S e mmiNg e fee oy
AND
© TRC—f»f contROL | 0
s by ey
cLst — i
CLS2 —
cRL —+
MR = T s S
'nnc~—'——> RECEIVER' prm—s
Biniss, o _ TIMING oy
B, AND T
Bﬁ—-f-u' CONTROL
* DR .T——J7
st
;. sfp —}
[ N, —
. 1 . OF

* These outputs ars three state (lMé-wZ) or




18402/1M6403
168" /iMB403

BSO‘L’UTE MAXIMUM RATINGS

;;eratmg Temperature : K

16402/03

orage Temperature .......
erating Voltage ..........oceeeeuenn
pply Voitage -~ =
itage On Any Input or Output Pin ..

C. CHARACTERISTICS

-40°C.to +85°C
-65°C to 150°C
4.0V to 7.0V
i eeii... 4BOV
"-0.3V to V¢ t0.3V 5

Ratings’’

% "may cause device failures.’

NOTE: ‘Stresses above those listed under “Absolute Maximum
may cause permanent device failure. These are
stress ratings only and functional operation of the devices at
these or any. other conditions above those indicated in the
operation sections of this specification is notimplied. Exposure
to absolute maximum. rating condmons for extended periods

ST COND!TIONS Vee = 5.0 = 10%, TA -40°C to +85°C 5
SYMBOL PARAMETCR CONDITIONS -~ ~ MinN TYP & MAX UNITS
1 Vin input Veltage High Vee-2.0 o g : Vv
2 {ViL Input Voltage Low * . I B 08 - \2
3 e “input Leakageftt ' o T s GND<Vn<Vee o500 | - 5.0 pA
4 | Vou - * Qutput Voltage High' = - ol =-0.2mA | 24 v
5 |vor - Output Voltage Low e ToL=16mA L IFRERER o 045 V.
5 gy Qutput Leakage GND=<VQuT<Vee - | 50 .| - 5.0 A
7 jlec Power Supply. Current Standby Vin=GNDor Veg . - o 1.0 . 800- - kA
3 iigc " Power Supply Current iM6402 Dynamic | fc=8500KHz . o} ~ =0 1.2 mA
g |igce Power Supply Current iMB403 Dynamic fCRYSTAL=2:46MHz 5 ; 3.7 mA
10| CiN Input Capacitance{1] g tire ~7.0 8.0 ‘pF
1t iCg Qutput Capacitancal ] . st 2 s - 8:0 10.0 pF
T 1: Except IMB403 XTAL input pins {i.e. pins 17 and 40}, . .
TEZE Vog =5V, Ta =25°C. I : g
Z. CHARACTERISTICS -~ 7
:$"§' CONDITIONS: Voc = 5.0V-+ 10%, Cy = 50pF, Ta =-40°C to +85°C.
i i
i “IBOL : PARAMETER CONDITIONS MiN TYP MAX UNITS
14 " Clock Frequency IM6402 B D.C. 3.0 1.0 MHz
2 | icpystar| Crystal Frequency IMB4C3 St 4.0 2.46 . MHz
< oW Pulse Widths CRL, DRF‘&, TBRL IR 2 . 225 . 50 i ns
& TR Pulse Width MR -~ - See Timing Diagrams 600 ~ | 200 ns’”
5 lwpg 3 } input Data Setup Time™ = " (Figures 2,3,4Y - < B s Qe e 25 ns
5 | toH “ 1 tnput Data Hold Time s . 90 40 ns
7 iten ‘Output Enablz Time ) 80 190 ns
ot e T S f gTeRYGsE Ll
Gt , i
MIBREST ] ; i ? - 41 TRANSMITTER BUFFER REGISTER | ) 2= .
F 4 St o PARITY I 4 X
TBAL —f] TRANSMITTER | : LOGIC -
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FlGURE 6. IM8402/03 Functional Biock Diagram
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MB6402/IM6403
TRANSMITTER OPERATION

The transmitter section éccepts parallel data, formats it and
transmits it in serial form (Flgure 7) on the TROutput
termmal %

B ey e vrd

> . o - 58 DATABITS

\ SE “1,11/2 0R 2 STOP BITS
START BIT, |

N] EENE K

*IF ENABLED

T
N
I

\———PARITY

S

FIGURE 7. Serial Dala Format

Transrmtternmmg is shown in Frgurea @ Data |sloadedmto Py

the transmitter buffer reglster from the inputs TBR1 through =~
TBR8 by a logic low on the TBRLtoad input. Valid data must be
present at least tpg priorto and tpy folowing the rising edge of ~
TBRL. If words less-than 8 bits ars -used, only the-least -
significant bits are used. The character is right justified into -
the least significant bit, TBR1. ® The rising edge of TBnL"
clears TBREmpty. O to 1 clock cycleslaterdataistransferredto .
the transmitter register and TREmpty
transmission starts. TBREmpty is reset toa logic high. Output
data is clocked by TRClock. The clock rate is 16 times the data

" rate. © A second puise on TBRLoad loads data into the
transmitter buffer register. Data transfer to the transmitter

register is delayed untit transmission of the current character -~

is complete. © Data is automatically transferred to the
transmitter register and transmission of thatcharacter begins.
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FIGURE 8. Tra'nsmiﬂer"’:"imlng {Not to Scale)

RECEIVER OPERAT!GN

Data is received i m serial form at the Riinput. When no data is
being received, Rl input must remain high. The data is clocked
through the RRClock. The clock rate is 16 times the data

“rate. Receiver timing is shown in Figure 9. |

@ A low level on DRReset clears the DReady line. @ Dunng
the first stop bitdata is transferred from the receiver register to -
the RBRegister. If the word is less than 8 bits, the unused most ~ -
significant bits will be a logic low. The output character is r'ight,;_u_

justified to the least significant bit RBR1.. A logic high on
OError indicates overruns. An overrun occurs when-DReady
has not been cleared before the present character was
transfered to the RBRegister. A logic high on PErrorindicatesa
parity error. © 1/2 clock cycle later DReady is setto a logic.
high and FError is evaluated. A logic high on FError indicates
an invalid stop bit was received. The receiver wili not begin
searching for the next start bit until a stop bit is received.

is .cleared and

~and generates read and write pulses to the UART The SENSE
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“FIGURE 9. R_gcclvar Timing (Not to Scal’e)' X

START BIT DETECT!ON

The receiver uses a 16X clock for nmmg (see anure 10 )The
start bit @ could have occurred as much as one clock cycle |
before it was detected, as indicated by the shaded portion. The | -

:'center of the start bit is defined as clock count 7%. If the'
“receiver clock is a symmetrical square ) wave, the center of the i
start bit will be located within £1/2 clock cycle, £1/32 bit or 4
' +3.125%. The receiver begins searchmg for the next start bnt az 2
the centér of the first stop bnt e ;
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TYPICAL APPLICATiON =2 e

Microprocessor systems, which are inherently paral!el in ef
~nature, often require an asynchronous serlal interface. This {
function can be performed easily with the IM6402/03 UART.";
Figure 11 shows how the IM6403 can be interfaced to an - :
IM6100 microcomputer system with the aid of an IM6101 |
Programmable Interface Element (PIE). The PIE interprets

lnput/Output transfer (I0T) instructions from the processor

lines on the PIE are also employed to allow the processor to
_ detect UART status. In particular, the processor must know
_.when the Receive Buffer Register has accumulated a -
character (DR active), and when the Transmit Buffer Register ]
_can accept another character to be transmntted

_in this example the characters to be recewed or transmmed o
-~ will be eight bitslong (CLS 1 and 2: both HIGH) and transmitted ;
“with no parity (PI:HIGH) and two stop bits (SBS:HIGH). Since ]
“these control bits will not.be changed during operation,

Control Regtster Load (CRL) can be tied high. Remember, since
the IM8402/03 is a CMOS device, all unused inputs should be
committed.

The baud rate at which the transmitter and receiver will
operate is determined by the external crystal and DIVIDE
CONTROL pin onthe IM6403. The internal divider can be setto
reduce the crystal frequency by either 16 (PIN 2:HIGH) or 2048
(PIN 2:LOW) times. The frequency out of the internal divider

IM6402/1M64

should be 16 times the- desnr
baud, this example will use a
and DIVIDE CONTROL set Jow
receive (RRC) and transmit (T
external clock‘g’enera}or,

To assure consistent and cor
must be reset after power-ug
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shot, . 16 times the desired baud rate. To ganerate 110
haud, this example will use a 3.579545MHz coior TV crystal
and DIVIDE CONTROL setlow. The lM6402 may use different’

-sceive (RRC) and transmit (TRC) clock ates but requares an®’

°xternal clock generaior

[0 assure cons:stent and correct operation, the |M6402/03
nust be reset after power-up. The Master Reset, (MR) pin.is,
sctive high, and could be driven rehably from a Schmitt trigger

nverter and R- C-delay. In this example,.the IM6100 is reset -

hrough still another inverter. The Schmitt trigger between the

rocessor and R-C network is needed to assure that'a slow -
ising capacnorvoltage does not re~tnggar RESET. A long reset

sulse | after power-up (~100ms) is required by the processor to
assure that the on board crystal osculator as suiﬁcnent tzme',
£s3 start,‘ = :

he IMB402 suppons the processcr ‘s b:-dxrecnona! data bus:
qmte easily by tying the TBR and RBR buses wgether. A read
command from the processor. wflk enable the RECEWER
3UFFER REGISTER onto tbe,b :
REGISTER DISABLE (RRD) pin:. A writ ,command from- the.

prOCEsSSOor clocks data fmm the bus: into the TRANSM}TT:R .

BUFFER REGISTER using TBRL. Figure 1 T'shows aNAND gate

5. by usmg ‘the RECEIVER.,

dnvmg TBRL from the WRITEz pinonthe P!E Thns gateis used f;
to generate a rising edge to TBRL at the point where data is
table on the bus, and to hold TBRL high until the UART
actually transfers the data to it's internal buffer. 1f TBRL were
a!lbwed to return low before TBRE went high, the intended

*output data would be overwritten, since the TBR is a

transparent latch.

Although not shown in this examp!e the error ﬂags (PE FE E
OE) could be read by the processor using the other READ line.,
from the PIE. Since an IM8403 is used, TBRE and DR are not -
affected by the STATUS FLAGS DISABLE pin. Thus, the three -
error flags can 'be tied to the data bus and gated by connecnng g
SFD to READ;. ~ P

If panty is not mhnbned a pamy error w:ll cause the PE pm tc go
high unm the next valid character |s received. #

-4

A- frammg erroris generated when’ an expected stop ybitis not
received.: FE: will - stay. high -after: the error until- the: niaxtw
complete character’s stop bit is received. ;

_,The overrun ‘error flag: is.set’if: a received chéracter’
transferred to the RECEIVER BUFFER REGISTER when the

prevsauscharacter has notbeen read. The OEpin wnn stay high
until- the next recewed stop bn after a DRR is performed
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