& HARRIS

HARRIS SEMICOND SECTOR 95 DE] u3p2271 00X%X109 5§ r D
7= 26-37-08

D-6402

- CMOS Universal Asynchronous
Receiver Transmitter (UART)

Features

® Operation Guaranteed from D.C. to 8.0MHz

¢ Low Power CMOS Design

® Programmable Word Length, Stop Bits and Parlty
® Automatic Data Formatting and Status Generation
¢ Compatible with Industry Standard UARTs

¢ Single +5V Power Supply

Description

The HD-6402 is a CMOS UART for interfacing computers or microprocessors
to an asynchronous serial data channel. The receiver converts serial start,
data, parity, and stop bits. The transmitter converts parallel data into serial
form and automatically adds start, parity, and stop bits. The data word length
canbe 5, 6, 7 or 8 bits. Parity may be odd or even, Parity checking and genera-
tion can be inhibited. The stop bits may be one or two or one and one-half
when transmitting 5 bit code.

The HD-8402 can be used in a wide range of applications including modems,
printers, peripherals and remote data acquisition systems, Utilizing the
HARRIS advanced scaled SAJI IV CMOS process permits operation clock fre-
quencies up to 8.0MHz (500K Baud). Power requirements, by comparison, are
reduced from 300mW to 10mW. Status logic increases flexibility and simplifies
the user interface,

Pinout
TOP VIEW
vee Ot ~ 407 TRC
NC ]2 33[1 EPE
GND O3 38[1 CLSt
RAD O34 a7h cLs2
RBR8 05 360 sBS
RBR7 6 350 Pl
RBR6 C}7 34P CRL
RBRS O8 33p TBRs
RBR4 C]9 3201 TBR?
RBR3 10 310 TBR6
RBR2 11 30p TBRS
ABR1 12 200 TBR4
PE 13 281 TBR3
FE OJ14 27[31 TBR2
OE 15 26 0 TBR1
SFD 16 2511 TRO
RRC 17 248 TRE
DRR 18 230 TBRL
DR J19 22 TBRE
RAI 20 210 MR

Functional Diagram (32)_(30) (28),, 261 Control Definition
(33) (31) (29) (27
TERS| THAL
24 _ —— T ‘l’ ————— 1 CONTROLWORD  CHARACTER FORMAT
225 I
Tand e | cec
’—’{ 'MNSHI"EIIW’(II!GIS‘(:I I LLepP € S
23 ary 1 | S § | P B START DATA PARITY STOP
('z—.bz —le! “""l:“!":‘:“ s100 | toare I———o{ TNAHSMITTER REGISTER I I START ! i 21 ES BIT  BITS BIT 8ITS
WLy e [ I 1 | 60000 1 5 obD 1
N| wmeLesen ] 00001 5 ODPD 15
| (25 60010 1 § EVEN 1
i R 1 -
} Too| 001x0 1 & wowe ®
8) ;38
Y £ 001 X1 1 5 NONE 18
@n (8 o1000 1 & opo
{34) conmnoL | (39) 01001 1 6 opD 2
AL - (:‘3'5‘) 61010 1 6 EVEN 1
121} | G 01011 1 6 EVEN 2
" i 011Xx0 1 6 NONE 1
] i 011X 1 6 NONE 2
[ 10000 1 7  0DD t
1 | | t20) 10001 1 7  ooD 2
AN 10010 1t 7 EVEN 1
{ 1 10011 1 7 EVEN 2
“un I wousLEER I I P 101X0 1 7 NONE 1
ARC =+ mEcEnER ‘ l ‘ teae |y 101X 1 7 NONE 2
(8 Vna - I 11000 i 8 onp 1
ol coxTRe: 100 iy NECEWER REQISTER 11001 1 & 0obD 2
Locic roate | 11010 1 8 EVEN 1
(18), l T MECEIVEA RUFFEA AEGISTER | 11011 1 8 EVEN 2
oA i t11X0 1 8 NONE 1
| ; I @ 111 X1 1 8 NONE 2
THREE i
w0 —{—4 < ﬂ —.#ﬁ?ﬁii—* anp
L BUFFERS ___-__l
*ort el ot *mamt § nans %
. (15) . (14) (13) (5)(6)(7)(8)(9N10X11)(12)
These outputs are three state

CAUTION: These devices are sensitive to electronic discharge. Proper 1.C. handling procedures should be followed.

5-7

o
o
51
<Q
()
I

(2]
=
EE
<= =
]
82

=2
==
e=
Q
o




HARRIS SENMICOND SECTOR 95 DEJ]u302271 0011110 1 i o

.
s xvm

s

Sl .

T

RS
"

-

o=

T75-37-05

HD-6402
Pin Description
PIN| TYPE| SYMBOL DESCRIPTION PIN | TYPE |SYMBOL DESCRIPTION
1 Vgoe' Positive Voltage Supply 16 I SFD A high level on STATUS FLAGS DISABLE
2 NG No connection fqrce_s the outputs PE, FE, OE, DR, TBRE{oa
M GND | Ground . 17 I RRC :'r?h IFT pEd'ance sw? lock is 16X th
4] RRD | A high level on RECEIVER REGISTER e Hecelver register clock is ©
. N receiver data rate.
DISABLE forces the receiver holding out- —_—
puts RBR1-RBRS to a high impedance state. 11 1 | DRR ﬁ‘le"’lwt:f"z' o DAiT:d F;i?i'{"gg tgislg"'
5| O | RBR8 |The contents of the RECEIVER BUFFER as the data recelved oulp w
REGISTER appear on these three-state out tevel.
puts, Word formats less than 8 characters 1910 DR Ahhigh leve: oanATA RE_C%WE?;"G'C(E‘“:
are right Justifled to RBR1. character has been received and transferre
6 o RER7 See Pin 5-RBRS to the receiver buffer register.
" 20 | 1 RRI | Serial data on RECEIVER REGISTER INPUT
7 o RBR6 | See Pin 5-RBRS is clocked info the receiver register.
8 | O | RBRS |{SeaPin5-RBR8 21 1 MR | A high tevel on MASTER RESET clears PE,
9 (o} RBR4 See Pin 5-RBR8 FE, OE, and DR to a low level and sets the
10 o] RBA3 Ses Pin 5-RBR6 transmitter register empty (TRE) to a high
11 o RBR2 See Pin 5-RBR8 level 18 clock cycles after MR fa}lling edge.
N MR does not clear the. receiver buffer
121 0 RBR1 | See Pin 5-RBRS register. This input must be pulsed at least
13 o] PE A high level on PARITY ERROR Iindicates once after power up. The HD-6402 must be
received parity does not match parity master reset after power up. The reset pulse
programmed by control bits. When parity is should mest VIH and tyR. Wait 18 clock
inhibited this output is low. cycles after the falling edge of MR before
14 (o] FE A high level on FRAMING ERROR indicates beginning operation.
the first stop bit was invalid. 22 | O | TBRE |A high level on TRANSMITTER BUFFER
16 [o} OE A high level on OVERRUN ERROR indi- REGISTER EMPTY indicates the transmitter
cates the data received flag was not cleared buffer register has transferred its dafa to the
before the last character was transferred to transmitter register and is ready for new
the receiver buffer register. data.

*A 0.1uF decoupling capacitor from the Vg pin to the GND pin Is recommended.
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PIN | TYPE | SYMBOL DESCRIPTION PiN | TYPE |SYMBOL DESCRIPTION
23 t TBRL A low level on TRANMITTER BUFFER 31 I TBR6 See Pin 26 - TBR1.
REGISTER LOAD transfers data from 32 I TBR7? See Pin 26 - TBR1.
inputs TBR1-TBR8 into the transmitter buf- 33 f TBRS See Pin 26 - TBR1.
fer register. A low to high transition on .
TBRL initiates data transfer to the transmit- 34 ! CAL foz:fh,o.:,f,v:[(hznc;ﬂgﬁgfszfﬁiﬁﬁ:
ter register. if busy, transferis automatically control word. The control word is latched on
delayed so that the two characters are the fallin ed’ e of GRL. See Figure 2
ransmitted end to end. 35 1 Pl A high Ig |g PARITY INHIgEiIT inhibit
24 | 0 | TRE ]Ahigh level on TRANSMITTER REGISTER v m“j gz‘r’; ation ity checkin‘g and
- EMPTY indicates completed transmission forces PE output |¢'>w
f a character including stop bits. :
©! 8 characler Including stop bits ! 3 | I | SBS |A high level on STOP BIT SELECT selects
%] 0 TRO [ Character data, slart data and stop bits 1.5 stop bits for 5 character format and 2stop
appear serially at the TRANSMITTER bits for other lengths
T . A
REGISTER OU ,PUT 37 I CLSs2 These inputs program the CHARACTER
26 i TRB1 Character data is toaded into the TRANS- LENGTH SELECTED (CLS1 low CLS2 low §
MITTER BUFFER REGISTER via inputs bits) (CLS1 high CLS2 low 6 bits) (CLS1 low
TBR1-TB.R8. For character for.mals less CLS2 high 7 bits) (CLS1 high CLS2 high 8
than 8 bits the TBRS, 7, and 6 inputs are bits)
ignored corresponding to their program- . _
med word length. :g II CE;'SE1 ale:e:I:l?: Iovaas:i-ghlevelon EVENPARITY
2 ) TBR2 Ses Pf" 26- TBR1._ ENABLE generates and checks even parity.
28 I TBR3 | See Pin 26 - TBR1. A low level selects odd parity.
29 1 TBR4 | See Pin 26 - TBR1. 40 1 TRC | The TRANSMITTER REGISTER CLOCK is
30 I TBR5 See Pin 26 - TBR1. 16X the transmit data rate.
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HD-6402

Transmitter Operation

The transmitter section accepts parallel data, formats the
data and transmits the data in serial form on the
Transmitter Register Output (TRO) terminal (See serial
data format). Data is loaded from the inputs TBR1-TBR8
into the Transmitter Buffer Register by applying a logic
low on the Transmitter Buffer Register Load (TBRL) input
(A). Valid data must be present at leasttggtpriortoand
thold following the rising edge of TBRL. If words less than
8 bits are used, only the least significant bits are
transmitted, The character Is right justified, so the least
significant bit corresponds to TBR1 (B).

The rising edge of TBRL clears Transmitter Buffer
Register Empty (TBRE). 0 to 1 Clock cycles later, data is

transferred to the transmitter register, the Transmitter
Register Empty (TRE) pin goes to a low state, TBRE Is set
high and serial data information Is transmitted. The
output data Is clocked by Transmitter Register Clock
(TRC) at a clock rate 16 times the data rate. A second low
level pulse on TBRL loads data into the Transmitter Buffer
Register (C). Data transfer to the transmitter register Is
delayed until transmission of the current data is complete
(D). Data is automatically transferred to the transmitter
register and transmission of that character begins one
clock cycle later.

1
TBAL 1'."
ToRE | ‘
TRANSMITTER TIMING - 6 T0 1 GLOCK =1 b= 172 CL0CK
(NOT TO SCALE) g
TR0 LT DATA |
N—END OF LAST STOP BIT
® ® ®

Receiver Operation

Data is received in serial form at the Receiver Register
Input (RRI), When no data is being received, RRI must
remain high. The data is clocked through the Receiver
Register Clock (RRC). The clock rate is 16 times the data
rate. A low level on Data Received Reset (DRR) clears the
Data Receiver (DR) line (A). During the first stop bit data is
transferred from the Receiver Register to the Receiver
Butfer Register (RBR) (B). If the word is less than 8 bits,
the unused most significant bits will be a logic low.

The output character is right justified to the least
significant bit RBR1. A logic high on Overrun Error (OE)
indicates overruns. An overrun occurs when DR has not
been cleared before the present character was transferred
to the RBR. One clock cycle later DR is reset to a logic
high, and Framing Error (FE) is evaluated (C). A logic high
on FE indicates an invalld stop bit was recelved, a framing
error. A logic high on Parity Error (PE) indicates a parity
error.

— BEGINKING OF FIRST STOP BIT
i LT ] [
— [« 7% GLOCK CYCLES
RBR1-8, O, PE X
RECEIVER TIMING
(NOT TO SCALE) ORA L
R
FE
1 CLOCK CYCLE
® ® ©®
START BIT 58 OATA BITS 1, 1% OR 2 STOP BITS
SERIAL DATA - v ——
FORMAT Clse] TTTTT sl 111
PARITY *IF ENABLED

Start Bit Detection

The receiver uses a 16X clock timing. The start bit could
have occurred as much as one ¢lock cycle before it was
detected, as indicated by the shaded portion (A). The cen-
ter of the start bit is defined as clock count 7%. If the
receiver clock is a symmetrical square wave, the center of

the start bit will be located within £ clock cycle, +1/32 bit
or 3.125% giving a receiver margin of 46.875%. The re-
ceiver begins searching for the next start bit at the center
of the first stop bit.

oosk LML ML ML MUMLLTL LN

RRINPUT VA START

N— COUNT 7%z DEFINED
CENTER OF START 8IT

be————— 7% CLOCK CYCLES ———
8% CLOCK CYCLES ————»]

T-7S-37-05
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Specifications HD-6402R

T-15-37 -O§

Absolute Maximum Ratings

Supply VORAGE ..ottt reccenrrecrecvaninnenenes +8.0 Volts  6jc . 250C/W (CERDIP package)
Input, Output or I/O Voltage Applied........ GND-0.5Vto  fja. . 700C/W (CERDIP package)

VCC + 0.5V Gate Count.......ccccververveninncennnevreniersscsenreenenns 1,643 Gates
Storage Temperature Range .... .-650C to +1500C  Junction Temperature e ¥1500C
Maximum Package Power Dissipation ..........c......... 1 Watt Lead Temperature (Soldering, Ten Seconds) ...... +2750C

CAUTION: Stressas above thase listed in the “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

, Operating Conditions

. Operating Voltage RanQe ..........cccveeierrronneienesns s srssrstreesesssersesssssssssssasessaseseresanes +4,5V to +5.5V
; Operating Temperature Ranges
s HD-6402R-9 e -400C to +850C
H HD-6402R-2/-8 Lo e -550C to +1250C
Electrical Specifications vgg =5.0V + 10%, Ta =-400C to +850C (HD-6402R-9),
TA =-559C to +1250C (HD-6402R-2/-8)
i SYMBOL PARAMETER MIN J MAX | UNITS CONDITIONS
ViH Logical "1" Input Voltage 2.0 \ HD-6402R-9
: 2.2 \ HD-6402R-2/-8
! ViL Logical "0" Input Voltage 0.8 A
VIHC Logical “1" Clock Input Voltage 2.0 \ HD-6402R-9
ViLe Logical “0" Clock Input Voltage 2.2 0.8 \ HD-6402R-2/8
D.C 1] Input Leakage -1.0 1.0 pA VIN = Vg or GND
VoH Logical "1 Output Voltage 3.0 \ IgH =-2.5mA
VCC -0.4 v loH = -100pA
¢ VoL Logical “0" Output Voitage 0.40 v loL = *2.5mA
_ lo Output Leakage -1.0 1.0 HA Vo =Vggc or GND
i lccss Standby Current 100 73 VIN =GND or Voo
i Voo = 5.5V, Output Open
lccop Operating Supply Current” 2.0 mA Veg =5.5V, Clock Freq. =
2MHz, V|N = Voc or GND,
QOutputs Open.
*Guaranteed , but not 100% tested.
Capacitance Tp =250C
symeoL | PARAMETER [rveicac] unirs | CONDITIONS
Cin Input Capacitance 8.0 pF Freq. = 1MHz, all measure-
ments are referenced to
device GND
Cout Output Capacitance 10.0 pF
Electrical Specifications Voo =5.0V + 10%, Ta =-400C to +850C (HD-6402R-9),
. TA = -550C to +1250C (HD-6402R-2/-8)
1]
| symaoL | PARAMETER mn | max | units | CONDITIONS
: (1} foLock Clock Frequency p.C. 2.0 MHz
2 tpw Pulse Widths CRL, DRR, TBRL 150 ns CL =50pF
Ac. @ MR Puise Width MR 150 ns See Switching Time
4) SET Input Data Setup Time 50 ns Waveforms 1, 2, 3
- 5} tHOLD Input Data Hold Time 60 ns
: & 1EN Output Enable Time 160 ns
i
!
i 5-10
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Specifications HD-64028

Absolute Maximum Ratings

Supply VORage.......corertmmrcinnrcrcveinrcseesesenesennes +8.0 Volts  gjc w 250C/W (CERDIP package)
Input, Output or I/0 Voltage Applied........ GND = 0.5V 0 68 oo 700C/W (CERDIP package)

VCC + 0.5V Gate COUNtu et eeeeeececeecenaseeseeenen 1,643 Gates
Storage Temperature Range .................. -650C to +1509C  Junction Temperature......

Maximum Package Power Dissipation .................... 1 Watt

CAUTION: Stresses above those listed in the “Absclute Maximum Ralings” may cause permanent damage (o the dovice. This Is a stress only rating and
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

T-75-31-05

Lead Temperature (Soldering, Ten Seconds) ......

Operating Voltage Range ..
Operating Temperature Ranges
HD-6402B-9...
HD-6402B-2/-8..........covvrerecirrrrrannns

............. +4.5V to +5.5V

..-400C to +850C
......... -550C to +1250C

Electrical Specifications vCC =5.0v + 10%, T = -400C to +850C (HD-6402B-9),

Ta =-550C to +1260C (HD-6402B-2/-8)

SYMBOL I PARAMETER MIN | MAX I UNITS 1 CONDITIONS
VIH Logical "1" Input Voltage 2.0 A HD-6402B-9
2.2 v HD-64028-2/-8
ViL Logical "0" Input Voltage 0.8 v
VIHC Logical "1" Clock Input Voltage 2.0 \ HD-6402B-9
ViLe Logicat “0" Clock Input Voltage 2.2 0.8 v HD-6402B-2/-8
D.C. Iy Input Leakage -1.0 1.0 LA VIN = Vog or GND
VOH Logical “1" Output Voltage 3.0 \ IOH =-2.5mA
VCC -0.4 v 101 = -100pA
VoL Logical “0" Output Voliage 0.40 v loL =+2.5mA
o Output Leakage -1.0 1.0 LA Vg =Vgc or GND
Iccss Standby Current 100 LA VIN =GND or Vi
Voe = 5.5V, Output Open
lccop Operating Supply Current* 2.0 mA Vge = 5.5V, Clock Freq.
2MHz, V)N = Vo or GND
Cutputs Open

Capacitance Ta =250C

“Guaranteed but not 100% tested.

symaoL | PARAMETER TYPICAL | UNITS | CONDITIONS
CIN Input Capacitance 8.0 pF Freq. = iMHz, all measure-
ments are referenced to
Cout Output Capacitance 10.0 pF device GND

Electrical Specifications vog =5.0v + 10%, Ta = -400C to +850C (HD-6402-9),
Ta = -550C to +1250C (HD-6402-2/-8)

A.C.

symsoL | PARAMETER MmN | max | units | CONDITIONS
(1)fCLOCK Clock Frequency D.C. 8.0 MHz
2) tpw Pulse Widths CRL. DRR, TBRL 75 ns CL = 50pF

) See Switching Time

(3 tMR Pulse Width MR 160 ns Waveforms 1, 2, 3
4) tSeT Input Data Setup Time 20 ns
(5) tHOLD Input Data Hold Time 20 ns
(6) teN Output Enable Time 35 ns
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HD-6402

T 75-37-5—

Switching Waveforms

CLS1, CLS2, SBS, PI, EPE

SFI—\

TBR1-TBRB RRD \

VALID DATA

VALID DATA *

STATUS OR
TBAL ' RBR1-RBRB :
1 o 1 M
Pw — W
- @ @
l FIGURE 1. FIGURE 2, FIGURE 3.
: DATA INPUT CYCLE CONTROL REGISTER LOAD CYCLE STATUS FLAG OUTPUT ENABLE TIME

OR DATA QUTPUT ENABLE TIME

Interfacing With The HD-6402

TRANSHITTER . RECEVER
-/ T8RI m — A1 >
: || ks | N
TE8 TR pmen RECEVER [ | P RBg——>
«—»] CONTROL CONTROL {¢—

DIGITAL 05402 HD-6402 DIGITAL
SYSTEM ) SYSTEM
«—{CONTROL — — CONTROL[¢—

D e ] pecenen | IO orven | |™0 TBRI 14
e L TBRB &

RECEIVER TRANSMITTER

TYPICAL SERIAL DATA LINK

A.C. Testing Input, Output Waveform

INPUT QUTPUT
VIR +04V

VOH
1.5V >< 1.5V
VIL - 0.4V X voL

A.C. Testing: All input signals must switch between VIL - 0.4V and VIH +
0.4V. Input rise and fall times are driven at 1ns/V.
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