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3.2.2 MINILANBUUBUTHNTA (Integral Control)
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3.2.3 MInuANUUUBYNUS (Derivative control)
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Tdsunsumaugunisasaiuainnniiauneslae Visual Basic
MDIFormMain — 1

Private Sub mnu_Close_Click()

If Frm_Open.MSComm1.PortOpen = True Then Frm_Open.MSComm1.PortOpen = False
Frm_Open.Hide
Frm_Close.Show

If Frm_Close.MSComm1.PortOpen = False Then Frm_Close.MSComm1.PortOpen = True

End Sub

Frm_Open.MSComm1.PortOpen = True

Else
End If
End Sub
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Frm_Open (MAIN.form)

Private Sub Command1_Click()
Fori=0To7

PA(i).Value = 0

PB(i).Value =0

PC(i).Value = 0

PD(i).Value =0

Next i

End Sub

Option8.Value
End Sub

Private Sub HScroll1_Change()
Label_BRM.Caption = HScroll1.Value
End Sub

Private Sub HScroll1_Scroll()
Label_BRM.Caption = HScroll1.Value
End Sub
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Private Sub MSComm1_OnComm()
Dim ¢ As String
Dim b As Single
¢ = MSComm1.Input
If c =™ Then Exit Sub
b = Hex_To_Dec(c)
Label_SPEED.Caption = Str$(b)
End Sub

Private Sub Option1_Clic
HScroll1.Value =
End Sub

Private Sub Option4_Cli
HScroll1.Value = 16
End Sub

Private Sub Option5_Click()
HScroll1.Value = 32
End Sub
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Private Sub Option6_Click()
HScroll1.Value = 64
End Sub

Private Sub Option7_Click()
HScroll1.Value = 128

End Sub

Private Sub Option8_Click()

HScroll1.Value = 255
End Sub

Select Case

PA(4).Value
PA(5).Value =

Casels=2

PA(6).Value = PD(2).Value

PA(7).Value = PD(2).Value

PB(0).Value = PD(2).Value
Casels=3

PB(1).Value = PD(3).Value

PB(2).Value = PD(3).Value

PB(3).Value = PD(3).Value
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Casels=4
PB(4).Value = PD(4).Value
PB(5).Value = PD(4).Value
PB(6).Value = PD(4).Value
Casels=5
PB(7).Value = PD(5).Value
PC(0).Value = PD(5).Value
PC(1).Value = PD(5).Value

Casels=6

PC(2).Value = P
PC(3).Value
PC(4).Val

Dim A(0 To 7) As Integer, b(0 To 7) As Integer, ¢(0 To 7) As Integer

Fori=0To7

If PA(i).Value = 1 Then
Al =0

Else
Ali) =2

End If
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If PB(i).Value = 1 Then

b(i) =0

Else
b(i)=2"i

End If

If PC(i).Value = 1 Then
c@i)=0

Else

End Sub

Private Sub Timer2_Timer()
If MSComm1.PortOpen = False Then Exit Sub
MSComm1.Output = "@6"
End Sub ‘
Private Sub Timer3_Timer()

Text1.Text = Text1.Text + MSComm1.Input
End Sub
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Frm_Close (frm_Close.frm)

Private Sub Command1_Click()

Fori=0To7
PA(i).Value = 0
PB(i).Value = 0
PC(i).Value =0
PD(i).Value =0

Next i

End Sub

Private Sub Co
Text_SP.Text=0
Text KP.Text =0

Text_Kl.Text=0

Text KD.Text =0
HScroll_SP.Value = 0
HScroll_KP.Value =0
HScroll_Kl.Value =0
HScroll_KD.Value = 0
Command2.Value = True

End Sub
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Private Sub HScroll_KD_Change()
Text_KD.Text = Str(HScroll_KD.Value)
End Sub

Private Sub HScroll_KD_Scroll()
Text_KD.Text = Str(HScroll_KD.Value)

End Sub

Private Sub HScroll_KI_Change()

Private Sub HScro

Text KP.Text =

End Sub

Private Sub HScroll_SP_Change()
Text_SP.Text = Str(HScroll_SP.Value)
End Sub

Private Sub HScroll_SP_Scroll()
Text_SP.Text = Str(HScroll_SP.Value)

EpdSub
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Private Sub HScroll1_Change()
Label_BRM.Caption = HScroll1.Value
End Sub

Private Sub HScroll1_Scroll()
Label_BRM.Caption = HScroll1.Value

End Sub

Private Sub MSComm1_OnComm

Dim ¢ As String

Dim b As Single

Casels =1

PA(3).Value = PD(1).Value

PA(4).Value = PD(1).Value

PA(5).Value = PD(1).Value
Casels=2

PA(6).Value = PD(2).Value

PA(7).Value = PD(2).Value

PB(0).Value = PD(2).Value
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Casels=3
PB(1).Value = PD(3).Value
PB(2).Value = PD(3).Value
PB(3).Value = PD(3).Value
Casels=4
PB(4).Value = PD(4).Value
PB(5).Value = PD(4).Value
PB(6).Value = PD(4).Value

Casels=5

End Select

End Sub

Private Sub Timer1_Timer()
If MSComm1.PortOpen = False Then Exit Sub
MSComm1.Output = "@1"
MSComm1.Output = Dec_To_Hex(PID(Val(Label _SPEED.Caption)))
Dim A(0 To 7) As Integer, b(0 To 7) As Integer, ¢(0 To 7) As Integer
Fori=0To7
If PA(i).Value = 1 Then

Ali) =
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End If
If PB(i).Value = 1 Then

b(i) =0
Else

b(i)=2 "
End If

If PC(i).Value = 1 Then

c(i)
Else
c(i)
End If
Next i
Dim cc1 As Integer, cc2 Asin
MSCo 5 1@871 1 8
3113 'Sm
ccl = )gA K(2) 3 A3 4 § —;). EA(T) G
co2 = 0(0) £yl B Wb+ u) il T =
. LI ree g - @
oo\ By L S e R
CCo = C( 5 {4 JCO }gus - ~
MSComm1.0 %’b %) O&‘

MSComm1.0utput = "@5"

MSComm1.0Output = Dec_To_Hex(cc3)
End Sub
Private Sub Timer2_Timer()
If MSComm1.PortOpen = False Then Exit Sub
MSComm1.Output = "@6"
End Sub
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BRM (BRM.bas)

Public SP As Single

Public KP As Single

Public KI As Single

Public KD As Single

Public SUMI As Single

Public ERRO As Single

Public Function Hex_To_Dec(A As String

Dim b1 As String
Dim b2 As String

c1 = Asc(b19)
cl=c1-48

c2 = Asc(b29)

c2=c2-48

c3 = Asc(b39%)

c3=c3-48

c4 = Asc(b4$)

c4d=c4-48

Hex_To_Dec =(c1*(16 "~ 3)) +(c2* (16 ~ 2)) + (c3* 16) + c4

End Function
‘ﬂy 1d lﬂl Y o % ¥ tﬁl = 1 5 1 Y o ¥ ¢ Y ¥
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Public Function Dec_To_Hex(A As Integer)
Dim b1 As Integer
Dim b2 As Integer
b1=A\16
b2 = A Mod 16
Dec_To_Hex = Chr$(b1 + 48) & Chr$(b2 + 48)

End Function

Public Function PID(SV As Single

Dim ERR As Single

ERR = (SP - SV)
SUMI =SU

DV =

ERRO

op = (KP

op=0
Else
End If
PID = op
Frm_Close.Label_BRM = op

End Function
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das d
Tusunsu Interface 3zreneNRNARSHY NIAsAOUINSAIADS

ORG 0000H
BOOT:

DELAYONSTART: DINZ RI1,$
DINZ RO,DELAYONSTART

LIMP MAIN

ORG 0200H

MAIN:
] s??ff"gi:;h
PA1
PB1 EQU
PC1 EQU 2002H
PCO1 EQU 2003H
PA2 EQU 4000H
PB2 EQU 4001H
PC2 EQU 4002H

PCO2 EQU 4003H
PA3 EQU 6000H
PB3 EQU 6001H

H % ¥ § = 1 gj 1 Y o ¥ ¢ Y ¥
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PCO3 EQU 6003H

SET8255:
MOV  DPTR#PCOI
MOV A #90H

MOVX @DPTR,A
MOV DPTR#PCO2
MOV A #80H

MOVX @DPTR,A

MOV DPTR#PCQO

START:

LCALL RX BYTE

MOV R7,A

LJMP MENU_RUNI

MENU2:  CINE A#72 ,MENU3

| LCALL RX BYTE

MOV  R6.A

LCALL RX BYTE

MOV R7.A

LIMP MENU RUN2

‘ﬂy 1d lﬂl Y o % ¥ tﬁl = 1 5 1 Y o ¥ ¢ Y ¥
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MENU3:  CINE A#3' ,MENU4
LCALL RX BYTE
MOV R6,A
LCALL RX BYTE
MOV R7,A
LIMP MENU RUN3
MENU4:  CINE Aj#4' MENUS5
LCALL RX BYTE
MOV R6,A

LCALL RX BYTE

<kskckckokokskokokkkRok kR ok
s

MENU_RUNO:

LIMP START
;****************
MENU RUNI: MOV DPTR#PA2

LCALL ASCII TO HEX

MOVX @DPTR,A

LIMP START

- kosk stk skokoskok skokokokoksk ok
’
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MENU_RUN2:
MOV  DPTR#PB2
LCALL ASCI_TO_HEX
MOVX @DPTR,A
LIMP START
SRR
MENU_RUN3:
MOV DPTR#PA3
LCALL ASCII_TO_HEX

MOVX @DPTR,A

LIMP START

< seskokoskok skokoskokoskokokokokok sk
s

MENU_RUNG:
MOV  R5#0ESH
MOV  THO#00H
MOV  TLO#00H
LOOP SEN: MOV R4#03BH
DINZ R4,$
DINZ R5,LOOP_SEN

tﬂy 1d MOVtﬂI ZOTVH‘O U ¥ tﬁl = 1 5 1 Y o ¥ ¢ Y ¥
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MOV  21H,THO
LCALL SEND_SPEED
LIMP START
SEERRR R R R R Rk
; SEND SPEED TO PC
; INPUT = 20H
; OUTPUT = SERIAL PORT

o sk 3k sk sk ook sk ok ok sk sk ok sk sk ok sk sk skoskok skoskokosieostolok skokokokokokokokokokok skokokskok .
s ]

SEND_SPEED:

MOV A#@

LCALL TX BYTE
MOV  AR7
LCALL TX BYTE
MOV A#™*
LCALL TX BYTE
RET
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o sk sk sk sk ook sk ok sk sk sk sk sk sk skok sk skokok skokokoskoskok ok skokok kool kol skokoskokokkokek .
H >

; HEX TO ASCII
; INPUT = ACC
; OUTPUT =R6,R7
SEERRRR R R R R R
HEX_TO_ASCII:
MOV R7,A
SWAP A
ANL A #O0FH

ORL A#30H

ASCII_TO HEX:
MOV  AR7
ANL  A#OFH
MOV R7,A
MOV AR6
ANL  A#OFH
SWAP A
ORL AR7
RET
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« 3 3k sk 3k sk sk sk sk sk stk skok skokokok skokoskok skok sk skokskokskokokoskekok skokok skokokokokok .
s s

> DELAY

SRR R R R R R
DELAY: PUSH 00

PUSH 01

MOV  RI1#0FH
LOOPDE: MOV  RO#08H

DINZ RO.$

DINZ RI1,LOOPDE

POP 01
POP 00
RET

CLR

wnanstiluenansianulidmsunsldnuiionisfnwvingy leygeliiluldusslosiaunism

Lidnsalla vy Bnnsnudlidnuaailon uasdesdndadsdvesenalsynaseniinisuiluly



« 3 sk sk sk ok ok skt stk sk skok skoskoskokskkokosk ok ksk R kok ok
s

;* Receive Data From RS-232 *
;¥ Input : Serial Port *

;¥ Output : ACC *

;****************************
RX BYTE: PUSH IE
JNB RIS ; Wait data
CLR RI

MOV A,SBUF
POP 1IE
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Tsunsurdadygnamiuanly MCS 51

ORG  0000H

BOOT:

DELAYONSTART:  DINZ RL$
DINZ RO,DELAYONSTART
LIMP START
ORG  0200H

START: MOV RO,PO

LOOPBRM:

/ .n- e-_-
J] r" () A
R WA

AY >
L | B s YRR N =
ls Grl'-—)-,—"- >ar E?’.P
EP: PTSA VD E R L LI f
-7" I
DELAY:
LOOPDELAY:

DINZ RS5,LOOPD
RET

wnanstiluenansianulidmsunsldnuiionisfnwvingy leygeliiluldussloviiunism

Lidnsalla vy BnnnudlidnuUaailon uasdesdndadsdvesonalsynaseniinisuilly



BRMTABLE:
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

80H,40H,80H,20H,80H,40H,80H,10H
80H,40H,80H,20H,80H,40H,80H,08H
80H,40H,80H,20H,80H,40H,80H,10H
80H,40H,80H,20H,80H,40H,80H,04H
80H,40H,80H,20H,80H,40H,80H,10H
80H,40H,80H,20H,80H,40H,80H,08 H
80H,40H,80H,20H,80H,40H,80H,10H
80H,40H;80H;20H,80H,40H,80H,02H
80H,40H,80H;20H,80H 40H,80H,10H
80H,40H,80H,20H,80H;40H,80H,08H
80H;40H,80H20H,80H,40H,80H,10H
80H,40H,80H,20H,80H ,40H,80,04H
80H,40H,80H.20H,80H ,40H,80H,10H
80H,40H.80H,20H.80H ,40H,80H,08H
80H,40H,80H,20H ,80H 40H,30H, 10H
80H;40H,80H,20H,80H 40H,80H.01 H
80H,40H;80H,20H,80H,40H,80H,10H
80H,40H,80H;20H,80H,40H,80H;08H
80H,40H,80H,20H,80H,40H.80H, 10H
80H;40H,80H,20H,80H,40H,80H,04H
80H,40H,80H,20H,80H,40H;80H, 10H
80H,40H,80H,20H,80H;40H;80H,08 H
80H,40H,80H,20H,80H,40H,80H,10H
80H,40H,80H,20H,80H,40H,80H,02H
80H,40H,80H,20H,80H,40H,80H,10H
80H,40H,80H,20H,80H,40H,80H,08 H
80H,40H,80H,20H,80H,40H,80H,10H
80H,40H,80H,20H,80H,40H,80H,04H
80H,40H,80H,20H,80H,40H,80H,10H

H,4Q0H,80H,20H,80H,40H,80H,08H,

& - DB
Lf’]ﬂa’ﬁ‘UL‘fJUL@ﬂa'ﬁ%ﬁﬂ'ﬂuvﬁ)a’]WﬁUﬂqﬁ BITULNDNITIANYINTIUU

Lloyyslmhlulguselevdaunise

Lidnsallag vy Bnnsudlidaudadilen uagdesdnedisdveenarsynasandnstluly



DB 80H,40H,80H,20H,80H,40H,80H,10H
DB 80H,40H,80H,20H,80H,40H,80H,00H

END
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Features

¢ Compatible with MCS-51™ Products

* 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— SPI Serial Interface for Program Downloading
- Endurance: 1,000 Write/Erase Cycles

* 2K Bytes EEPROM

- Endurance: 100,000 Write/Erase Cycles

4V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable I/O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low-power Idie and Power-down Modes

Interrupt Recovery From Power-down

Programmable Watchdog Timer

Dual Data Pointer

Power-off Flag

® © o ¢ ¢ © o © o © © o oo o

Description

The AT8988252 is a low-power,high-performanee CMOS 8-bit microeomputer-with
8K bytes of downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The-device.is manufactured using Atmels high-density ncavol=
atile memory technology-and is compaiibie with the industry+standard 80C51
instruction set and pinout. The on-chipidownioadable Flash allows.the program mem-
ory to be reprogrammedcin-system through an/SPlLserial/interface o1 by-a
conventional nonvolatile mémory programmer, By combining-a versatile 8<bit CPU
with downloadable Flash on:a monelithic/chip; the Atmel AT8988252 isa powerful
microcomputer which provides a highly-flexible and.cost-effective solution.to many
embedded control applications:

The AT89S8252 provides the foltowing standard:features: 8K bytes of downloadable
Flash, 2K bytes of EEPROM,256:bytes ofRAM, ‘32 1/O lines, programmable watch:
dog timer, two data pointers, thrée 18-bit timer/couniers; a.six=vecior two-level
interrupt architecture, a full duplex‘serial port, on-chip oseillator-and clock circuitey. In
addition, the AT8958252 is designedwith"statie logic for operation down t0, zero ire-
quency and supports two software selectable power saving-mogdées. The Idle’NMode
stops the CPU while allowing the RAM, timer/Counters, serial port, and.ntermupt sys-
tem to continue functioning. The Power-down mede_savesthe BAM Contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

e Gl

8-bit
Microcontroller
with 8K Bytes
Flash

AT89S8252

Rev. 0401E-02/00
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Pin Configurations

AImEY

PDIP PLCC
- P
mypProg1 40p1vee = & scas
(T2EX) P11 2 39 [1P0.0 (ADO) 17 pE § Qg9
P1.203 38 [1P0.1 (AD1) TaNrS _Qoroa
P1304 37[1P0.2 (AD2) Shana2SEERR
@S P1.405 36 [1P0.3 (AD3) rzr‘::ll;!zljnnnr:n
(Mosn P56 35 [1P0.4 (AD4) wosyp1sd? o¥ees g H po.4 (AD4)
(MISO) P18 7 34 [1P0.5 (ADS5) (MISO) P16 P05 (AD5)
(SCK) P1.7L]8 33 [1P0.6 (AD6) (SCK) P1.7 P06 (AD)
RST]9 32 [1P0.7 (AD7) il O P07 (aD7)
(AXD) P3.0 O] 10 31EANVPP (FXD) P30 B Eavee
(xD) P31 11 30 [JALE/PROG e NG
(iINTO) P3.2[ 12 29 [1PSEN (TXD) P3.3 ) ALE/PROG
(INTT) P3.300 13 28[1P2.7 (A15) (iFT0) P3.2 b FsEn
(T0) P3.4 q 14 27 [1P2.6 (A14) (i) P33 b P27 (A15)
Ty P35} 15 268{1P2.5 (A19) 0} P3.4 B po6 (a14)
(WR) P36 L] 16 25[1P2.4 (A12) (1) P35 o (a13)
(RD) P3.7 0 17 24[1P2.3 (A1) DS
XTAL2[] 18 23[1P2.2 (A10) ]
XTAL1 ] 19 22[1P2.1 (AS), & g 2
GNDq 20 21[1P2.0 (48) = 5 Rk =&
Ek iz
PQFP/TQFP
e 3 S - a®
B gF A58
Y I I E
oo Z> 0 04 E E
OOo@anfnonnnm
VEEEY F B EXa
(MOSN P15 )1 33{2'P0.4 (AD4)
(MISO) P16 [ 2 35 1P0,5(ADS)
(SCK) P1.701 3 31 £1P06 (ADS)
RST 4 30{3 P07 (AD7)
(RXD) P30 ] 5 20k Eavep
NC6 28 FING
(TXD) P3.10 7 27 (1| ALERROG
(INTO) P32 8 260 PSEN
(INT1)P3.3L 9 25 EP?J {A15)
(T0) P3.4 [ 10 24 (P26 (A14)
(T1) P35 11 23 sz.s (A13)
o zuelk gy
l&)l Ir:l g Ial Ial lsl [} !IL“.’I [}
R A Y
EE*" €8sts
sz SSE =9

Pin Description

vCcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bbi-didirectional I/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external

AT89S58252

2 o

program@and' data'mémory. In this mode, PO has internal
pullups.

Port'0_alsoreceives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

& = Y o U ¥ = = 1 U 1 Y o ¥ € v ¥
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AT89S8252

Block Diagram

P20 - P27

T SRR

PORT 2 DRIVERS

aND | 1 ?

i | ‘

"~ || ecrrOM fhEGieTER | Rau "ITeH e g
; y y
E Y
! 1
- N2
: —t— \\ % /_.-—— PROGRAM
. B i = = S POk ADDRESS
: REGIST! —AC% -\ = = POl REGISTER
i g V7, N
g &) 7/ \%‘ =
' - - -
: P ' / 3
— G N ~ = BUFFER q
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5 () #12¢2038 Rrs s A \
: 5 }ﬂ —— —— 'y
| 111718} $291018 ud PC
; |§-Q &5 lb}F EMENTER
E I c
: S e
- \\2 N ¢ LEgE Y
| >, “Z o [ fmsson

FEN <] é o
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PORT 3 DRIVERS
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P3.0 - P3.7

PORT 1 DRIVERS

P1.0 - P1.7
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AIMEL

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.

Pin Description

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured
as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter?2},
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger.
and direction control)

P1.4 SS (Slave port seléct/input)

P15 MOSI (Master data output, slave datalinputpin
for SPI channel)

P1.6 MISO (Master data input) slave dataoutput pin
for SPI channel)

P17 SCK (Master clock output, slave clockinput Qin

.| for SPI channel)

Port 1 also receives the low-order-address-bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional I/O pertwith.internal pulitips!
The Port 2 output buffets'cansink/souree-four TTL:inputs.
When 1s are written to Port, 2 pins, they-are)pulled. high by
the internal pullups and can'be Used as.inputs;’ As/ifputs;
Port 2 pins that are externally being puiled fow will-sodrce
current (I, ) because of the internal pullups.

Port 2 emits the high-order address,byte Quiing fetches
from external program memory anchduring acéesses to
external data memory that use 16-bit addresses«{(MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8 bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 3 pins that are externally being pulled low will source
current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INTT (external interrupt 1)

P3.4 J.0%timer 0 external input)

P35 T1 (timend external input)

P36 WR (external data memory write strobe)

P37 RD (external'data memory read strobe)
RST

Reset input. A'high en.this pin for two machine cycles while
the oscillator is' running resets the device.

ALE/PROG

Addrass Laich Enable is an output pulse for latching the
low, byte of the address during accesses to external mem-
ory. This pin is'also the program pulse input (PROG) during
Flash programming:

Innermal operation,”ALE is‘emitted at a constant rate of 1/6
the joscilfator frequency and may be used for external tim-
ing:or/glocking purposes. Note, however, that one ALE
pulse’is skipped during €ach access to external data
memory.

If desired, ALE operation’can be disabled by setting bit O of
SFR location 8EH«With the bit set, ALE is active only dur-
ing‘'a MOVX.or MOVC instruction. Otherwise, the pin is
weaklyspulled high. Setting the ALE-disable bit has no
effeetif'the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-

4 AT8958252 mmmmrrrsr eSS
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gram memory locations starting at 0000H up to FFFFH.  XTAL1

Note, however, that if lock bit 1 is programmed, EAwillbe  |nput to the inverting oscillator amplifier and input to the
internally latched on reset. internal clock operating circuit.

EA should be strapped to V. for internal program execu-

tions. This pin also receives the 12-volt programming  XTAL2

enable voltage (V.;) during Flash programming when 12- Output from the inverting oscillator amplifier.
volt programming is selected.

Table 1. AT89S8252 SFR Map and Reset Values

OF8H OFFH
OFOH 8 OF7H
00000000
OESH OEFH
ACC
OEOH | oo 0E7H
0D8H ODFH
PSW sPCR
ODOH | 50000000 008001 XX Bz
oceH | T2CON T2MOD RCAP2L | |~ RCAP2H T2 TH2 —
00000000 || XOOKX00y| 06000000\ ) / 800000607 1100000000 {|/ ~00000000
0COH 0C7H
0B8H P 0BFH
XX000000
P3
OBOH. | g ppv49 0B7H
IE SPER
OA8H | 6x000000 00BN QAR
P2
OAOH | 14411111 OATH
SCON SBUF
9BH | 00000000 |  XOOXXXXR 9FH
P1 WMCON
OH | 14111111 00000010 i
ggn | TCON TMOD Lo e THO TH1 -
00000000 00000000 | 00000000 | 00000000 | 00000000 | 00000000
i PO sp DPOL DPOH DPIL DP1H SPDR PCON | g,
1111111 00000111 00000000 | 00000000 | 00000000 | 00000000 | XXXXXXXX | 0XXX0000
T T e A"mE 5
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indeterminate
effect.

User software should not write 1s to these unlisted

Table 2. T2CON—Timer/Counter 2 Control Register

locations, since they may be used in future products to in-
voke new features. In that case, the reset or inactive values
of the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 9) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16 bit cap-
ture mode or 16-bit auto-reload mode.

T2CON Address = 0C8H

Reset Value = 0000 00008

Bit Addressable
TF2 ’ EXF2 RCIK JCLK EXEN2 TR2 C/T2 CP/RL2

Bit 7 ) 6 5 4 3 2 1 0

Symbol | Function

TF2 Timer 2 overflow/flag set by a Timer? overilowrand frust bercleared by-software. TF2 willinat be set when either
RCLK =1 or/TCLK = 1.

EXF2 Timer 2 external flag setwhén’gither acapiurgor reload is caused by a negafive transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled; EXF2 = 1 will cause the CRU tovector to-the Timer 2intetrupt routine. EXF2 must be
cleared by software. EXF2 dogs ot catiseran/interruptin up/down-countermode (DCEN= 1),

RCLK Receive clock enablel When set, causes the serialport to.use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3:-RCLK = O-causes Timer 1 overflows to-be used for the receive-clock:

TCLK Transmit clock enable. When set,\causes the seriat portto use Timer 2 overflowpuises for its transmit clock in serial port
Modes 1 and 3. TCLK =0.causes Timer\},overflows to-be used for the transmit.clock.

EXEN2 Timer 2 external €nable. When set;jallows:a-capiure.or reload-to‘occunas a-result of anegafive transition on T2EX if
Timer 2 is not being used to clock the seriatport) EXENZ =0/causes Timer 2 to ignorg events at T2EX.

TR2 Start/Stop control for Timer 2. FR2 = 1 startsthe timer

CiT2 Timer or counter'salect for.Timer2. G2 <0 for timer function. C/T2.=1 for external event counter (falling edge triggered).

CPMALZ | Capture/Reload selecthCP/RL2 = 1 causes.eaptiifess Scetir-onegative transitionS at T2EX if EXEN2 = 1. CP/RL2=0
causes automatic reloads'to oceupwhen Timer 2 overflows or negative transitions'ogcur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = Thihis.bit istigiored and the timeris forced;to auto=reload on Timer 2 overflow.

6 . AT8958252 s e e TS
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Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
(shown in Table 3). The EEMEN and EEMWE bits are used

Table 3. WMCON—Watchdog and Memory Control Register

to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers
available.

WMCON Address = 96H Reset Vaiue = 0000 0010B
PS2 PS1 PSO EEMWE EEMEN DPS ’ WDTRST WDTEN

Bit 6 5 4 3 g | 0

Symbol Function

PS2 Prescaler Bits for the Watchdog Timer. When alt three bits are.set t0:°0", the watchdog timer has a nominal period of

PS1 16 ms. When all three bits are"sefst6 “1”, the nominal period is 2048'ms.

PSO

EEMWE EEPROM Data Memory Write Enable.Bit:-Set thig bit to“1” before-initiating byte.write to on-chip EEPROM with the
MOVX instructionsUser software should-set this-bit to “0”-after EEPROM write is completed.

EEMEN Internal EEPROM Access Enable..When EEMEN = 1, the MOV X instruction with DPTR 'will access on-chip EEPROM
instead of external data memery. When EEMEN/# 0, MOVX with DRPTR @ccesses external data memory.

DPS Data Pointer Register-Select. DP8=0\selects the first bank of Bata Pointer Register, DP0, and DPS = 1 selects the
second bank, DP1

WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bitlis set to “1™by user software, a pulse is

RDY/BSY | generated to reset the watchdog timer. Fhe WD TRST bit is then-automatically reset.to 707 inthe next instruction cycle.
The WDTRST bit is Write-Oniy. This bit also serves as;the RDY/BSY. flag-in-a-Read-Only mode during EEPROM write.
RDY/BSY = 1 means that/the EEPROMs ready to be’programmed. While programming Operations are being executed,
the RDY/BSY'bit ‘equals.“0™and is autormaticaily reset to/1% wheniprogramming.is completed.

WDTEN Watchdog Timer Enable'Bitt WBRTEN =1 ‘enables the watchdog imer and WDTEN = 0/disables the watchdog timer.

SPI Registers Controliand status bitsfor the Serial Periph;
eral Interface are containedin registefs:SPGR. (shown in
Table 4) and SPSR (shown in“Table 5).-The SPi data\hits
are contained in the SPDR register: Writing'the /'SPl data
register during serial data transfer sets_theWrite Collision
bit, WCOL, in the SPSR register-\The SPDR is double buff-
ered for writing and the values in' SPRR aré’'not changed by
Reset.

Interrupt Registers The global interrupt'enable.bit and the
individual interrupt enable bits are in the IE*register=in
addition, the individual interrupt enable bit for the SPIis'in
the SPCR register. Two priorities can be set for each of the
six interrupt sources in the IP register.

R e T Tt
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DualData Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks of
16/bit Data Pointer Registers are provided: DP0 at SFR
address locations 82H-83H/and DP1 at 84H-85H. Bit DPS
=Qiin"SFR-WMCOQN"selécts DPO and DPS = 1 selects
DP1-The user should always initialize the DPS bit to the
appropriate value before accessing the respective Data
Pointer Register.

Power OffFlag” The Power Off Flag (POF) is located at
bit=4 (PCON.4) in the PCON SFR. POF is set to “1” during
power up. It can be set and reset under software control
and is not affected by RESET.
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Table 4. SPCR—SPI Control Register

SPCR Address = D5H Reset Value = 0000 01XXB
SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
Bit 7 6 5 4 3 2 1 0
Symbol | Function
SPIE SP! Interrupt Enable. This bit, in conjunction with the ES bit in the |E register, enables SPI interrupts: SPIE = 1 and ES
=1 enable SPI interrupts. SPIE = 0 disables SPI interrupts.
SPE SPI Enable. SPI = 1 enables the SPI channel and connects SS, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, and
P1.7. SPI = 0 disables the SPI channel.
DORD Data Order. DORD = 1 selectsAZSB-fifst data transmission. DORD ="0Owselects MSB first data transmission.
MSTR Master/Slave Select. MSTR.=1 selects.Master SP| made! MSTR =.0 selects'Slave SPI mode.
CPOL Clock Polarity. WhewCPOL = 1-SCK is high whenidle!When CPOL = 0,-SCK of the'master device is low when not
transmitting. Please refer to.figure.on SP! Clock Phase and Polarity Control.
CPHA Clock Phase. The/CPHA bittogether with the. CPOL bit.controls-the clock and-data relationship between master and
slave. Please refer to figure on/SPI"Clock Phiase.andPolarity Control.
SPRO SPI Clock Rate Select. These twobitsiconiroline SCKirate-of the device configured as.master. SPR1 and SPRO have
SPR1 no effect on the slave. The-telationship'between SCKiand\the ascillator frequeney,'F s, is as follows:
SPR1SPRO | SCK'= F g divided.by.
0 0/ /4
0 1 16
1 0] |64
1 1 128

Table 5. SPSR — SPI'Status‘Register

SPSR Address = AAH

Reset/Value = 00XX XXXXB

SPIF wogl, ¥ - § \: 2 / -
Bit 7 6 \\\ <5 4 3 2 1 0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transferisccomplete, the SPIFbit isssét and an interrupt is generated if SPIE =1 and
ES = 1. The SPIF bit is cleared by reading the-SPl.status-register with SPIF and WCOL bits set, and then accessing
the SPI data register.
WCOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer,
the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF
bit) are cleared by reading the SP!I status register with SPIF and WCOL set, and then accessing the SPI data register.

Table 6. SPDR — SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO
Bit 7 6 5 4 3 2 1 0
8 AT8958252 wrererorrr S
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Data Memory - EEPROM and RAM

The AT89S8252 implements 2K bytes of on-chip EEPROM
for data storage and 256 bytes of RAM. The upper 128
bytes of RAM occupy a parallel space to the Special Func-
tion Registers. That means the upper 128 bytes have the
same addresses as the SFR space but are physically sepa-
rate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing-instruction
accesses the SFR at location 0AOH (whieh is-P2).

MOV OAOH, #data
Instructions that use indirect addfessing access thé-upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO containg-0A0H, accesses
the data byte at address OAOH, rather than P2 -(whose
address is OAOH).

MOV @RO, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data' RAM are avail-
able as stack space.

The on-chip EEPROM dataymemory-is:selected by, setting
the EEMEN bit in the WMCON [register-at-SFR address
location 96H. The EEPROM address range‘is from 000H io
7FFH. The MOVX instruetions are used to-access the
EEPROM. To access off-chip data'memory with the/MOVX
instructions, the EEMEN bit needs to be setiio “07.

The EEMWE bit in the WMCON registerneeds to be.set to
“1” before any byte location in the EEPROM canbe. written.
User software should reset EEMWE bit 10 “Q” if no further
EEPROM write is required \EEPROM.write cycles;in‘the
serial programming mode are seli-timed and typically take
2.5 ms. The progress of EEPROM Wwrite‘can:be monitored
by reading the RDY/BSY bit (read-oaly)in SERIWMCON.
RDY/BSY = 0 means programming is still,insprogress‘and
RDY/BSY = 1 means EEPROM write cycleis«completed
and another write cycle can be initiated.

In addition, during EEPROM programming, an attempted
read from the EEPROM will fetch the byte being written
with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the

T R R T
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actual timer periods (at V¢ = 5V) are within £30% of the
nominal.

The WDT is disabled by Power-on Reset and during
Power-down. It is enabled by setting the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an internal RST pulse is generated
to reset the CPU.

Table 7. Waichdog Timer Period Selection

WDT Prescaler Bits
PS2 PS1 PSO Period (nominal)
0 0 0 16 ms
0 0 1 ’ 32ms
0 1 0 64 ms
0 1 1 128 ms
1 0 0 256 ms
1 0 i 512ms
1 1 0 1024 ms
1 1 1 2048 ms

Timer 0. and 1

Timer 0.and Timer 1 in.the AT8958252 operate the same
way as Timer Q and Timer 1 inthe AT89C51, AT89C52 and
AT89C55. For further.information, see the October 1995
Microcontroller-Data Boek, page 2-45, section titled,
“Timei/Counters.”

Timer 2

Timer.24s a 16 bit Timer/Counter that can operate as either
a timer, or amevent'counter. The type of operation is
selectedtby bit C/72.A the SFR T2CON (shown in Table 2).
Timer 2 hassthree operating modes: capture, auto-reload
(up-or-down”counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
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the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Table 8. Timer 2 Operating Modes

RCLK + TCLK | CP/RL2 | TR2 | MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 | (Off)

Figure 1. Timer 2 in Capture Mode

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16 bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a |-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

0sc #12 -\
—o// Gegm— TH2 12 [\\r2 |
I CONTROL izt §
— TR2
T L2zt 1
. i Dy
= CARTURE
RCAP2H | RCAP2L
TRANSITION
M
DETECTOR INTITEIEEUIZDT
T2Ex PIN [ —= 2 o//o EXF2
i CONTROL
EXEN2
10 ) AT89S58252 e
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Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16 bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 9). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 countis up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16 bit value in RCAP2H and RCAP2L+The-values in
RCAP2H and RCAP2L are preset by _software. If EXEN2\=
1, a 16 bit reload can be triggered.either by an-everflow.or

Figure 2. Timer 2 in Auto Reload Mode {REEN =0)

by a 1-to-0 transition at external input T2EX. This transition
also sets the EXF2 bit. Both the TF2 and EXF2 bits can
generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls
the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16 bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respeciively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underftows when TH2 and TL2 equal the values stored in
RCAP2Hand"RCAP2L. The underflow sets the TF2 bit and
causes OFFFFHLto'be reloaded into the timer registers.

The EXF2 bit togglesswhenever Timer 2 overflows or
underftows and-can bewused as a 17th bit of resolution. In
this operating-mode, EXF2 does not flag an interrupt.

OSC » 12 e
LS K o e () 12|
paaesony ol U Tl
T CITe =1 o — !
D o RELOAD Y.
TIMER 2
= RN INTERRUPT
RCAP2M\ IRCAP2L
< >/ TF2
TRANSITION
DETECTOR
T2EX PIN [ |——» X Jo/o o EXF2
|  CONTROL
EXEN2
Table 9. T2MOD — Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
— - - = - ~ T20E DCEN
Bit 7 6 5 4 3 2 it o
Symbol Function
= Not implemented, reserved for future use.
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
(DOWN COUNTING RELOAD VALUE) TOGGLE
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16 bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by.Timer
2’s overflow rate according to the following eguation.

Modes 1 and 3 Baud Rates =/ 0€ 2 O‘;Zrﬂow Rate

The Timer can be configured for either timer 'or_counter
operation. In most applications, it is configured fortimer
operation (CP/T2 = 0). The timer.opération-is difierent for
Timer 2 when it is used as a‘baud rate.generator. Normally;
as a timer, it increments every machine-cycle (ati1/12 the
oscillator frequency). As a baud rate generator,-however, it
increments every state time (at #/2'the-oscillator fres
quency). The baud rate formula is-given/ Below.

Modes 1 and 3 _ Oscillator-Erequency _
Baud Rate 32 % [65536™— (RCAR2H,RCAR2L)]

where (RCAP2H, RCAP2L) is the content 6f RCAP2H\and
RCAP2L taken as a 16 bitunsignedsinteger.

Timer 2 as a baud rate generator is shown in-Figure 4. Fhis
figure is valid only if RCLK onTCLK £, in T2CON+«Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXENZ2 i§ set;a.1-t0-0
transition in T2EX will set EXF2 but wilnot'cause a-reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus.when=FTimer

2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

Programmable Clock Out

A/50% duty cycle cloclecan be programmed to come out on
P1.0,”asshown.in Figure 6. This pin, besides being a regu-
larJ/0_pin,.has.two alternate functions. It can be
pregrammed.tolinput the external clock for Timer/Counter 2
oo, output-a.50% duty cyclecleck ranging from 61 Hz to 4
MHzat.a| 16.MHz operating frequency.

To configure. the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1);must-be cleared and bit T20E (T2MOD.1)
must be set!Bit-TR2 (T2CON:2) starts and stops the timer.

T he clock-out frequency depends on the oscillator fre-

quency and-the reload vatué'of Timer 2 capture registers
(RCAP2H, RCAR2L), as.shoWn in the following equation.

Osgcillator Frequency
4 x.[65536 — (RCAP2H,RCAP2L)]

Clock OutFreguency =

In the clock-out mode, Fimer 2/rollovers will not generate
an interrupt, This behaviorfis/similar to when Timer 2 is
used as asbaud-rate generator. It is possibie to use Timer 2
as-a-baud-rate generatorsand a clock generator simulta-
neously, Notephowever that the baud-rate and clock-out
frequencies cannot be determined independently from one
another'sincesthey’both use RCAP2H and RCAP2L.
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Figure 5. Timer 2 in Clock-out Mode
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UART

The UART in the AT89S8252 operates the same way as
the UART in the AT89C51, AT89C52 and AT89C55. For
further information, see the October 1995 Microcontroller
Data Book, page 2-49, section titled, “Serial Interface.”

Serial Peripheral Interface

The serial peripheral interface (SP1) allows high-speed syn-
chronous data transfer between the AT8958252 and
peripheral devices or between several AT8988252
devices. The AT89S8252 SPI features include the
following:

e Full-Duplex, 3-Wire Synchronous Data Transier

Master or Slave Operation

1.5 MHz Bit Frequency (max.)

L.SB First or MSB First Data/Transfer

Four Programmable Bit Rates

End of Transmission Integrupt Flag

Figure 7. SPI Master-slave4nterconnection
MSB MASTER' ' LSB

A

fifiso | MiSo:
{w BB SAIFTREGISTER iy | /=2 B-BIT SHIFT REGISTER H

¢ Write Collision Flag Protection
« Wakeup from Idle Mode (Slave Mode Only)

The interconnection between master and slave CPUs with
SPI is shown in the following figure. The SCK pin is the
clock output in the master mode but is the clock inputin the
slave mode. Writing to the SPI data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). If both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested.

The"Slave Select input, SS/P1.4, is set low to select an
individiakSPhdevice as a slave. When SS/P1.4 is set high,
the SPI port is«deactivated and the MOSI/P1.5 pin can be
used as an input.

Thére are four.combinations of SCK phase and polarity
with - respect to serial data, which are determined by control
bits,CPHA-and/CPOL. The,SPI data transfer formats are
shown in Figure 8 andFigure,9.

MSB SLAVE | |\LSB

‘Wosi Mogl

SPI _ 8Ck
CLOCK GENERATOR| ) "iss
Figure 8. SPI transfer Format with GPHA =0
SCK CYCLE # 9 > ) A 5 6 7 8
(FOR REFERENCE)
oo RO D—
SCK (CPOL=1) ‘\L/
l 1 ( I l l l l
A MASI\4CE>§| MSB 6 5 4 3 2 1 LSB
: ’ il i it
MSO —V wes X 68 X 5 X 4 X 3 X 2 X 1 Xiss X _+ H}—
(FROM SLAVE)
SS(TOSLAVE) } l l l I l ! l l l l I l l L’
| I | I ] ] ] ] [ 1 ] I I i |

*Not defined but normally MSB of character just received
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Figure 9. SPI Transfer Format with CPHA = 1
SCK CYCLE # 1 2 3 4 5

(FOR REFERENCE) I | I

SCK (CPOL=0)
l l l

|
SCK (CPOL=1) |
MOSI D 5 4 3 2 X 1 LSB
SIS Hylglglghgngn
1

MISO 8 X5 X a4 X3 X2 X1 X sB___
I 1

o LT T LTI

SS (TO SLAVE)
I I

*Not defined but normally LSB of previously transmitied\character

Interrupts

The AT89S8252 has a total of six intefruptveciofs:two | . Table10. Tnterrupt-Enable (IB) Register
external interrupts (INTQ and INT1), three-timer interrupts

(Timers 0, 1, and 2), and the serial port inteirupt. These PERLIB) i

interrupts are all shown in Figure 10. [ EA J < [ ET2 LES | ETi [ EX1 [ ETO [ EX0 [
Each of these interrupt soutces ¢an be individually enabled Enable Bit =1 enablés the interrupt.

or disabled by setting or clearing a-bit in Special-Function Enig Bita0 dbsbles the raetrupt.

Register IE. IE also contains a global disable-bit, EA, which
disables all interrupts at once.

Note that Table 10 shows that bit position 1E.6'is upimpie

Symbel Pesition | Funetion

mented. In the ATBOC51, bitpogition 1E 5Gs also g*'zﬁ::\;gg::ggg;" 'iA;ﬁ;,';gt;",‘f;;:m
. = L =1, U
upnmplemented. 'User software should not \.nmte 1s/toithese EA 1E.7 W'cols nallidally enablod or disabled by
bit positions, since they may be-used in future;AT89 setting(of cléaring its enable bit.
roducts.
p_ . . . i c IE.6 Reserved:!
Timer 2 interrupt is generated by’the logical ORf bits TF2 y -
and EXF2 in register T2GON."Néither-of these/flags 18 £1$ 55 | oger giyPrrupt enable bit.
cleared by hardware when the\semwice-soutine is-vectored ES IE.4 SPland UART interrupt enable bit.
to. In fact, the service routing may.have to determine ET1 IE3 Aoér 1 interrupt enable bit,

whether it was TF2 or EXF2 thatgenerated:the interrupt,

and that bit will have to be cleared in‘software! R4 S g IS Bl Et § Enabiai
The Timer 0 and Timer 1 flags, TFO an@<[.Ftrare set at ETO IET | Timer O interrupt enable bit.
S5P2 of the cycle in which the timers overflow. The.values EX0 IE.0 External interrupt O enable bit.

are tr!en polled by the gnrcunry in the next cycle. Homfever, User software should never write 1s to unimplemented bits, because
the Timer 2 flag, TF2, is set at S2P2 and is polled in the they may be used in future AT89 products.
same cycle in which the timer overflows.

16 ) AT8958252 mmmrweammr s
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Figure 10. Interrupt Sources

IE0 |—»
TFO >
IE1 b
TF1 —»>
TI —— %
RI =
SPIF I .V A4

Oscillator Characteristics

XTAL1 and XTAL2 are thefinput and output, respectively;
of an inverting amplifier that can_be configured for uge as
an on-chip oscillator, as shown in Figure |11 Eithera quartz
crystal or ceramic resonator may be useduFo drive the
device from an external clock’source, XTALZ should be Jeft
unconnected while XTAL1.isdriven, as shewnjin Figure-12.
There are no requirements ‘on the duty cycle-of the'external
clock signal, since the input te the internal clacking,circuitry
is through a divide-by-two flip-fiop, Bt minimtm and maxi=
mum voltage high and low time specifications-must be
observed.

AT89S58252

Figure 11. Oscillator Connections

c2
—)}*—I—* XTAL2
[ ]
C1
) XTAL1
T GND
—

NoteTC1, C2 = 30,pF.+ 10 pF for Crystals
=40 pEk % 10 pF for Ceramic Resonators

Note:

Figure 12. External Clock Drive Configuration

Nod—3= o3 % XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
™~ 77 GND
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Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution

from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal gl 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 DPata Data Data Data
Power-down External 0 0 Float Data Data Data

Power-down Mode

In the power-down mode, the oscillaior is stopped and the
instruction that invokes power-down is-the lastinstruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power-down mode is
terminated. Exit from power-down can'be initiated-sither by
a hardware reset or by an enabled externalinterrupt. Reset
redefines the SFRs but dogs.not change the on-chip' RANM:
The reset should not be'activated before Veais restorediio
its normal operating level and mustbe heid active-long
enough to allow the oscillatoro, restart and stabilize:

To exit power-down via an intérrupt, the-extemat interrupt
must be enabled as level sensitive before entering, power=
down. The interrupt service routine Starts at-16'ms (nomi=
nal) after the enabled interrupt piniis agtivated.

Lock Bit Protection Modest!)?

Program Memary Lock Bits

The AT8988252 has.three lock bits that can be left unpro-
grammed (U); or can be programmed (P) to obtain the
additional features listed in thefollowing table.

Whan fock bit 1is programmed, the logic level at the EA pin
is sampled-and latched during reset. If the device is pow-
ered,up without a reset, theatch initializes to a random
value and holds that.alueluntil reset is activated. The
tatched valuelof EA must agree with the current logic level
atthat'pin in order for-the device to function properly.
Ongesprogrammed, thelock bits can only be unpro-
grammed with the Chip Erase operations in either the
parallel oi/ serial-mode§:

Program Lock Bits
LB1 | LB2 | LB3

Protection Type

1 U U V] No internal memory lock feature.

2 P U U

MOVC instructions executed from external program memory are disabled from fetching code bytes
from internal memory. EA is sampled and latched on reset and further programming of the Flash
memory (parallel or serial mode) is disabled.

3 P U Same as Mode 2, but parallel or serial verify are also disabled.
4 P P Same as Mode 3, but external execution is also disabled.
Notes: 1. U = Unprogrammed
2. P =Programmed
18 ATBI9S8252 e
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Programming the Flash and EEPROM

Atmel’s AT8988252 Flash Microcontroller offers 8K bytes
of in-system reprogrammable Flash Code memory and 2K
bytes of EEPROM Data memory.

The AT89S58252 is normally shipped with the on-chip Flash
Code and EEPROM Data memory arrays in the erased
state (i.e. contents = FFH) and ready to be programmed.
This device supports a High-voltage (12V) Parallel pro-
gramming mode and a Low-voltage (5V) Serial
programming mode. The serial programming mode pro-
vides a convenient way to download the AT8958252 inside
the user’s system. The parallel programming mode is com-
patible with conventional third party Flash orsEPROM
programmers.
The Code and Data memory arrays.aresmapped via sepa-
rate address spaces in the serial programming-mode..In
the parallel programming mode; the two-afrays occupy-one
contiguous address space: 0000H to-1FFEH-fof the Code
array and 2000H to 27FFH for the Data afray-
The Code and Data memoyy arrays on the AT8958252 are
programmed byte-by-byte'in either programming mode., An
auto-erase cycle is provided with the seif:timed program-
ming operation in the/seriabprogramming moade. There ig
no need to perform the Chip, Erase operation t¢ reprogram
any memory location in the serial programming mode
unless any of the lock bits have been programmed:

In the parallel programming, mode; there is-no-auto-erase

cycle. To reprogram any non-blankbyte, the usen needs o

use the Chip Erase operation first io eraseboih-arrays.

Parallel Programming Algorithm:“To program and,verify.

the AT89S88252 in the parallelprogramming mode, the fol-

lowing sequence is recommended:

1. Power-up sequence:

Apply power between Vaiand GND pins.

Set RST pin to “H".

Apply a 3 MHz to 24 MHz clock te XTAL1pimand wait
for at least 10 milliseconds.

2. Set PSEN pin to “L"

ALE pin to “H”
EA pin to “H” and all other pins to “H".

3. Apply the appropriate combination of “H” or “L” logic
levels to pins P2.6, P2.7, P3.6, P3.7 to select one of
the programming operations shown in the Flash
Programming Modes table.

4. Apply the desired byte address to pins P1.0to P1.7
and P2.0 to P2.5.

Apply data to pins P0.0 to P0.7 for Write Code
operation.

T TR T
wnanstiduenaisnanulidmsunisidan

5. Raise EA/V,, to 12V to enable Flash programming,
erase or verification.

6. Pulse ALE/PROG once to program a byte in the
Code memory array, the Data memory array or the
lock bits. The byte-write cycle is self-timed and typi-
cally takes 1.5 ms.

7. To verify the byte just programmed, bring pin P2.7 to
“L” and read the programmed data at pins P0.0 to
P07

8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K bytes array or until the
end of'the object file is reached.

9., Power-off'sequence:
Set XTAL1 to “i2,
SetRST and EA pins'to “L”.
TumV e power off.

in.the parallel programming mode, there is no auto-erase
cyclerand o reprogram any non-blank byte, the user needs
to-use'the Chip Erase operation first to erase both arrays.

Data Polling: The AT89S8252 features DATA Polling to
indicaie the end-of a write cycle. During a write cycle in the
parallel or/serial jprogramming mode, an attempted read of
the last byte writien will result’in the complement of the writ-
fen, datum 'on P0O.7 (parallel mode), and on the MSB of the
serial\output 'byte on-MISO (serial mode). Once the write
cycle has been completed, frue data are valid on all out-
puts, andthe next«cyele may begin. DATA Polling may
begin-any time aftera writgcycle has been initiated.

Ready/Busy:(The progress of/byte programming in the
paraliel programming mode €an also be monitored by the
RDY/BSY output signal: Pih P3.4 is pulled Low after ALE
goesHigh during programming to indicate BUSY. P3.4 is
pulled High again'when programming is done to indicate
READY:.

Rrogram Verify:4f lock bits LB1 and LB2 have not been
programmedythe programmed Code or Data byte can be
read-back via the address and data lines for verification.
The state of the lock bits can also be verified directly in the
parallel programming mode. In the serial programming
mode, the state of the lock bits can only be verified indi-
rectly by observing that the lock bit features are enabled.

Chip Erase: Both Flash and EEPROM arrays are erased
electrically at the same time. In the parallel programming
mode, chip erase is initiated by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10
ms. The Code and Data arrays are written with all “1”s in
the Chip Erase operation.

19
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In the serial programming mode, a chip erase operation is
initiated by issuing the Chip Erase instruction. In this mode,
chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location
will return O0H at the data outputs.

Serial Programming Fuse: A programmable fuse is avail-
able to disable Serial Programming if the user needs
maximum system security. The Serial Programming Fuse
can only be programmed or erased in the Parallel Program-
ming Mode.

The AT89S8252 is shipped with the Serial Programming
Mode enabled.

Reading the Signature Bytes: The signature-bytes are
read by the same procedure as a normal verification of
locations 030H and 031H, except that'P3:6 and P3.7 must
be pulled to a logic low. The values'returmed aréas follows:

(030H) = 1EH indicates manufactured-by.-Atmel
(031H) = 72H indicates 8988252

Programming Intetface

Every code byte in the Flash and, EEPROM .afrays can be
written, and the entirg array,can be erased, by using the
appropriate combination of.control signais: The write oper:
ation cycle is self-tinied andronce initiated,/ will
automatically time itself to completion.

All major programming vendors offer worldwide support.for
the Atmel microcontroller series. Please contact your local
programming vendor for the'appropfiate softwaie revision.

Serial Downloading

Both the Code and Data memory arrays'can he pro=
grammed using the serial SPhbus while RST is, pujled-to
V.. The serial interface consists'ef pins SCK, MOSI(input)
and MISO (output). After RST is 'setthigh/the.Programming
Enable instruction needs to be executed firstbefore pro-
gram/erase operations can be executed:

An auto-erase cycle is built into the self-timed programming
operation (in the serial mode ONLY) and there is no need
to first execute the Chip Erase instruction uniess any of the
lock bits have been programmed. The Chip Erase opera-
tion turns the content of every memory location in both the
Code and Data arrays into FFH.

The Code and Data memory arrays have separate address
spaces:

0000H to 1FFFH for Code memory and 000H to 7FFH for
Data memory.

Either an external system clock is supplied at pin XTAL1 or
a crystal needs to be connected across pins XTAL1 and
XTAL2. The maximum serial clock (SCK) frequency should
be less than 1/40 of the crystal frequency. With a 24 MHz
oscillator clock, the maximum SCK frequency is 600 kHz.

Serial Programming Algorithm

To program and verify the AT89S8252 in the serial pro-
gramming mode, the following sequence is recommended:
1. Power-up sequence:
Applypower between VCC and GND pins.
Set RSTpin o, “H”.
If a crystal is noticonnected across pins XTAL1 and
XTAL2, apply a 3WMHz to 24 MHz clock to XTAL1 pin
and wait for at least 10'milliseconds.

2.\ \Enable-serial programming by sending the Pro-
gramming. Enable Serial instruction to pin
MOSI/P1.5. The frequency,of the shift clock sup-
plied atpin'SCK/P1.7 needs to be less than the
CPU\clock-at XTAL1, divided by 40.

3. \The Code orData array is'programmed one byte at
a time by supplying-the address and data together
with.the appropriate Writerinstruction. The selected
memory location is first automatically erased before
new data is written. The write cycle is self-timed and
typically takesless than 25 ms at 5V.

4.} Any memoryocation can bg verified by using the
Read instrction which returns the content at the
selected address at serial'output MISO/P1.6.

5.\ FAtdhe end of a pregramming session, RST can be
set’low to'commence normal operation.

Power=off sequence (if/ngeded):

Set XTAL Y to ‘" (if a crystal is not used).
SefRSTLio L

Turn.Vge power off.

Serial Programming Instruction

The Instruction Set for Serial Programming follows a 3-byte
protocol and is shown in the following table:

20 ) AT8958252 mmmmwr e )
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Instruction Set

Input Format

Instruction Byte 1 Byte 2 Byte 3 Operation

Programming Enable 1010 1100 0101 0011 XXX xxxx | Enable serial programming interface after RST goes high.

Chip Erase 1010 1100 xxxx X100 xxxx xxxx | Chip erase both 8K & 2K memory arrays.

Read Code Memory aaaa a00t low addr xxxx xxxx | Read data from Code memory array at the selected address.
The 5 MSBs of the first byte are the high order address bits.
The low order address bits are in the second byte. Data are
available at pin MISO during the third byte.

Write Code Memory aaaa a010 low addr data in Write data to Code memory location at selected address. The
address, bits are the 5 MSBs of the first byte together with the
secondsbyte:

Read Data Memory 00aa a101 fow addr xxxXx xxxx/ /| Read data from'Bata,memory array at selected address. Data
are.available at pin MIS© during the third byte.

Write Data Memory 00aa'ai10 low addr data in Write data-to"Data memory location at selected address.

Wirite Lock Bits 10101100 xx3 1 1~ doooexxxx  |=Wiite lock-bits.

Set LB1,1.B2 or{ B3'=*0" to program lock bits.

Note: 1. DATA polling is used to indicate the endof a-write cycle whichtypically takesless than 2.5 ms'at 5V.
2. “aaaaa” = high order address,

3. “X” =don't care.

wnanstiduenatsnanulidmsunisidan
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ATmEL

Flash and EEPROM Parallel Programming Modes

Data VO Address
Mode RST | PSEN ALE/PROG EANVp, | P26 | P27 | P36 | P3.7 P0.7:0 P2.5:0 P1.7:0
Serial Prog. Modes H hh h" X
Chip Erase H) L |~_—@] v | | | ]|t X X
Write (10K bytes) Memory H L o 12v L H H H DIN ADDR
Read (10K bytes) Memory H L H 12v L L H H DOUT ADDR
Write Lock Bits: H L | - 12V H L H L DIN X
Bit - 1 P0.7=0 X
Bit-2 P0.6=0 X
Bit-3 P0.5=0 X
Read Lock Bits: H L. H 12V H H L L DOUT X
Bit -4 @P0.2 X
Bit- 2 @Po0.1 X
Bit- 3 @P0.0 X
Read Atmel Code 2} L H 12V L | L L DOUT 30H
Read Device Code H L H 12V A L. L L2 DOUT 31H
Serial Prog. Enable H — kE Vg 12V L H L H || |P0.0=0 X
Serial Prog. Disable H B SN loy T2\ L H L H | [Po0=1 X
Read Serial Prog. Fuse H = H 12V H H L H @P0.0 X
Notes: 1. “h” = weakly pulled*High” internally: 3. P34 is-pulled Low.during programming to indicate
2. Chip Erase and Setial Programming Fuse regiire)a RDY/BSY.
10 ms PROG pulse.”Chip Eras¢ needs!to be per: 47 |“X"(= don’t care
formed first beforeireprogramming any byte with a
content other than, FFH®
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Figure 13. Programming the Flash/EEPROM Memory Figure 15. Flash/EEPROM Serial Downloading
+5V +4.0V to 6.0V
AT89S8252 T AT8988252 T
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MODES TABLE \ —» P36 CLOCK IN —®} P1.7/SCK
——> P3.7
T XTAL2 B e XTAL2
3-24 MHz|_
L] ~
i _
Nl —
’l AL#==""HET | , RST [&— V,
GND PSEI
~128217
2 [2575)
D SN
Figure 14. Verifying the Flash/| "Fﬁﬁii"ﬂ’r
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SO R \\ %_ ol N3
A8 - A “ A

A

SEe FLasH |y P27, U5 .
PROGRAMMING
MODES TABLE | — ¥ P3¢ &

—>»{ P3.7

3-24 Mnz|

XTAL1 RST

-
GND PSEN __j
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AImEL

Flash Programming and Verification Characteristics — Parallel Mode
= 0°C to 70°C, Ve = 5.0V £ 10%

Symbol | Parameter Min Max Units

Vpp Programming Enable Voltage 11.5 12.5 A

Ipp Programming Enable Current 1.0 mA

horel Oscillator Frequency 3 24 MHz

tavaL Address Setup to PROG Low 48tg, o,

— Address Hold after PROG 48t o

toveL Data Setup to PROG Low 48t o

tamox Data Hold after PROG 48t oL

tensn P2.7 (ENABLE) High to Vpp 48t o,

tsiai Vpp Setup to PROG Low 10 us

teran PROG Width 1 110 us

tavav Address to Data/Valid 48t oL

teiy ENABLE Low/to/Data Valid 48t o

— Data Float aftgr ENABLE 0 48t o

tapmi PROG High to BUSY Low 1.0 us

twe Byte Write Cyclg Time 2.0 ms
24 AT8958252 somaverrrmme s T
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AT89S8252

Flash/EEPROM Programming and Verification Waveforms — Parallel Mode

P10 - P17 PROGRAMMING VERIFICATION
E ) J
<« tavav
PORT 0 DATA IN DATA QUT p———
“— iover  tgHox (¢
tavaL [ < * tanax
ALE/PROG /1
fmaL * —tgLeH—]
o " Ve
S N D — R, SR RS N
la— ¢ t
- - leLav N 4 'eraz
(ENABLE)
Tamar ™
P34
(RDY/BSY) BUSY, READY
twe

Serial Downloading Waveforms
SERIAL CLOCKINPUT

sckP1Y 7 W SN ISOmo= (06 —

l7 6 3 4 3 2 1 0

¢

SERIAL DATANNPET) )

MOSI/P1.5 MSBRY [T VA7 [LrJless]
1

SERIAL DATA BETPUT |\ 2

MISOIP 1% VT N B2 e
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AIMEL

Absolute Maximum Ratings*

Operating Temperature..................ooooeeee..... -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

Storage Temperature ...........c.occoceevevecruvenenn -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respect to Ground .........c.ceccvveivveceeennnne. -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Maximum Operating Voltage ........cccccoavneeeencenniiiecene. 6.6V conditions for extended periods may affect device
reliability.

DC QUtpUtiCUITENt.... oo ssmmuismmiiimmsssmnsassmsmts 15.0 mA

DC Characteristics
The values shown in this table are valid forT,==40°C to 85°C and V¢ =5.0Vat 20%, unless otherwise noted.

Symbol | Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 Vg - 0.1 \
Vs Input Low-voltage (EA) 0.5 02Vee-03 | V
Vi Input Hifh-voltage (Except XTALT, RST) 0.2 Vg% 0.9 Vee +0.5 \Y
Vi Input Hifh-voltage (XTALT, RST) 0.7 Vige Vee + 0.5 Vv
Output Low-voltage (") 3
VoL (Ports 1,2,3) lgL =116 mA 0.5 \'
Output Low-voltage (> ko
Vout (Port 0, ALE [PSEN) loy=3.2mA 0.5 \
lon =60 1A Ve =5V £ 10% 24 %
Output Hif-voltage S
Von (Ports 1,2,3, ALE, PSEN) lon = 25 0-78V¥og v
lon = 10 HA 0.9 Vg Vv
fgn =800 WA[ Ve =8V ¥10% 24 \"
Output Hifh-voltage -
Vo (Port 0 in External Bus:Mode) s @ i 7 -
lOH = '80 “_A 0.9 VCC V
" Lagical 0 Input Current (Ports1,2,3) Vin.=0:45V, -50 A
I Logical 1 to 0 Transition CGurrent (Pofis 4,2,3) | V\y =2V, Voo =5V 10% -650 HA
b :’,},‘g‘r‘{ (%'eg%?ge Current 045V, ZV +10 pA
RRST Reset Pull-down Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
, Idle Mode, 12 MHz 6.5 mA
cc
Veg =6V 100 pA
Power-down Mode ® x
Vee =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I Maximum total I, for all output pins: 71 mA
must be externally limited as follows: If Io, exceeds the test condition, V, may exceed the
Maximum lg,_per port pin: 10 mA related specification. Pins are not guaranteed to sink
Maximum Iy, per 8-bit port: current greater than the listed test conditions.
Port 0: 26 mA 2. Minimum V¢ for Power-down is 2V
Ports 1,2, 3: 15 mA
26 AT8958252 o s e T S
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e D] 8958252

AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

Variable Oscillator
Symbof Parameter Min Max Units
ool Oscillator Frequency 0 24 MHz
tn ALE Pulse Width 2tc oL - 40 ns
taviL Address Valid to ALE Low toeL- 13 ns
tax Address Hold after ALE Low teLoL- 20 ns
thw ALE Low to Valid Instructionsn 4t o - 65 ns
tier ALE Low to PSEN Low tobeL 23 ns
toum PSEN Pulse Width 3t 220 ns
teLy PSEN Low to Valid'Instruction I BteLoL- 45 ns
toxix Input Instruction/Hold after PSEN. 0 ns
toxiz Input Instrugtion Float after PSEN toc - 10 ns
toxav PSEN to Address Valid to b 18 ns
taviv Address 0 Valid'Instruction in Stc - 55 ns
tsiiz PSEN Low to Address Float 10 ns
trLan RD Pulse Width Bt p~-100 ns
o WR Pulse Width Blocr- 100 ns
taLov RD Low toValid Pata In Bt oL - 90 ns
tainx Data Hold aftenRD. 0 ns
Data Float after RD Ot -28 ns
iy ALE Low to Valid\Data n 8tc o - 150 ns
tavov Address to Valid Data,In 9t - 165 ns
i ALE Low to RD or WR Low 3t € - 50 g oL + 50 ns
Tavwi Address to RD or WR Low 4tocL- 75 ns
tavwx Data Valid to WR Transition toroL- 20 ns
tavwn Data Valid to WR High Tt o - 120 ns
tumax Data Hold after WR torcL - 20 ns
toraz RD Low to Address Float 0 ns
tovmin RD or WR High to ALE High torcL- 20 toroL + 25 ns

B s S R R ST g!mgl ) 27
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AIMEL

External Program Memory Read Cycle

b, —®
ALE
- teLpy
t < >
AVLL < ) — LTTY
PSEN 7 § teuv N\
—lpxa
= tPLAZ tPXIZ i
t 1 ax |« >
toxix—  Je—
PORT 0 K A0 -A7 RIN b A0-A7_ <
AVIV ]
PORT 2 . 8- A15
LW N SY-9—0
— ARG G —
External Data s ycle,- DN P 0 I Ty
P o B4 24 PN o [R
HLIE / ?
d
ALE £2¢82% ? /
-:? L innw -
PSEN 5
S:-; 1IN ; (4& - 4
- ] & @
RD ~
v@ D HDZ o&
P~ mHOX OO
PORT 0 _ A0 - DPL A IN PCL>—NSTR IN
o ¥ A
[ aLnann®
e '
PORT 2 >b P2.0 - P2.7 OR A8 - A8 - A15 FROM PCH

AT8958252 e e T
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AT89S58252

External Data Memory Write Cycle

t—
ALE
- twhin

PSEN AN /

— tw —le—tywn —»

e 1 ax
e—ta —»  fowmx e ==t twhox
— lavwH —
PORT 0 _ A0 - A7 EROM’RI OR DPL DATA/ QYT JX >XA0 - A7 FROM PCL>—<INSTR IN

i tAVWL ¥

PORT 2 X4 P2.0.--P27 OR A8 ~ 'A15"FROM.: DRH X JA8=-A15 FROM PCH

External Clock Drive Waveforms

t 7 tonex
1 ] — {
Vg, - 05V GLCH CHeL

A vz N
- __/—74 0.3 V- 0.1V ALN - -~
\g2p) - ”
- tercy
External Clock Drive
Symbol | Parameter Vg = 4.0V to 6.0V Units
Min Max
eeL Oscillator Frequency 0 24 MHz
toreL Clock Period 41.6 ns
teHex High Time 15 ns
torex Low Time 15 ns
toron Rise Time 20 ns
toheL Fall Time 20 ns

: . MEL . 20
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ATmEL

Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V¢ = 4.0V to 6V and Load Capacitance = 80 pF.

Symbol | Parameter Variable Oscillator Units
Min Max

fyxL Serial Port Clock Cycle Time 12t 01 us

tauxH Output Data Setup to Clock Rising Edge 10tg g - 133 ns

txrax Output Data Hold after Clock Rising Edge 2t o - 117 ns

txHDX Input Data Hold after Clock Rising Edge 0 ns

IxHpV Clock Rising Edge to Input Data Valid 10ig L - 133 ns

Shift Register Mode Timing\Wavéforms

INSTRUCTION | _ 0 1 Sa~NWN\\al/// /4~ 5 NN | _7 | _8_
ALE T 1S L TR SN2 T R NN LT
9 *|-brxi,
CLOCK . W7 SV~ Pr—p-l | N\ L[ 1T
QVXH [« -+
———>l‘—tXHlQX
WRITE TO SBUF, A LI B8 \ S IMNAa M > X\ X7
; 2L 5 t
OUTPUT DATA S T e SETTI
_ CLEARRI |
v
INPUT DATA

AC Testing Input/Qutpui-Waveforms'! - Float/ Wateforms"

Vae - 0.5V
% 0.2 Vg + og\Tk\ e L § A j\VOL
TEST“ROINTS Vidao - Timing/ Reference
Points /

_0.2A\VA, -PIM Vv B NA
0.45V — SOAN Vg

LOAD D . 7~ Vgt OV

Notes: 1. AC Inputs during testing are driven,at'Vige - 0.5V Notes: 1.«Foriiming purposes, a port pin is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing measure= when a 100 mV change from load voltage occurs. A
ments are made at V,; min. for a logic 1 and V,_ max: port pin begins to float when a 100 mV change from
for a logic 0. the loaded V,/V,, level occurs.
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AT89S58252
TYPICAL ICC (ACTIVE) at 25°C

e |

0 4 8 12 16 20 24
F (MHz)

Notes: 1. XTAL1 tied to GND for Icc (power-down)
2. Lock bits programmed

e Im . 31
wnansiwenarsianulidmsunisldn iy ldeyg el lulduselesinunism

Lidnsalla vy BnnsudlidnuUaaileon uazdesdndadsdvesenalsynaseniinisuiluly



ATMEY

Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 4.0V to 6.0V ATB9S8252-24AC 44A Commercial
AT8958252-24JC 44J (0°C to 70°C)
AT89S8252-24PC 40P6
AT89S8252-24QC 44Q
4.0V to 6.0V AT89S8252-24Al 44A Industrial
AT8958252-24J1 44J (-40°C to 85°C)
AT89S8252-24PI|
AT8988252-24Q1
33 | 45Vt055V Commercial
(0°C to 70°C)
= Preliminary Information
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
444 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)
32 AT8958252 meessess————
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AT89S8252

Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad 44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Flatpack (TQFP) Dimensions in Inches and (Millimeters)
Dimensions in Millimeters and (Inches)* JEDEC STANDARD MS-018 AC

JEDEC STANDARD MS-026 ACB

12.21(0.478 .045(1.14) X45°  PIN NO. 1 -045(1.14) X 30° - .012(.305
PIN1ID 7?73%535%30 ; IDENTIFY "] ooaf 203;
0.45(0.018 j—f 656(16 Naq E—t :630(16.0)
45(0.018) 590(15.0
0.80(0.031) BSC 0.30(0.012) 032(813) }_ 650“6 5> ;f( 533; d
L 1026(.660) l 895(17.7) o 1013(:330)
}—-— I 635(1 74)>Q
. 043(1 09)
.050(1.27) TYR.
02 )-.——4 500(12 7) REF SQ 7020(.508)
.120(3.05)

y ~090(2.29)
10.10(0.394) = S .180(4.57)
9.90(0.386) 165(4.19)
r 1.20(0:047) MAX A
%ﬂﬁ m% K .022(.559) X 45° MAX (3X)
=7

0.75(0.030 0.15!0.006;
0.45(0:018)  0.05(0.002

Controlling dimension:millimeaters

40P6, 40-lead, 0.600" Wide, Plasti¢/Dual Infine 44Q) 44-1ead; |Plastic Quad:Flat Package (PQFP)
Package (PDIP) - Dimensions in Millimeters and (Inches)*
Dimensions in Inches and:(Millimeters) JEDEC STANDARD MS-022 AB

2.07(52:6)

1345 (0.525) sQ
1295 (0:508)

2,04(51.8)

PINTID
_F
566(14.4)
-580(13 5)
} 0:80 (0.031)BSC __L_

0.50 (0.020)
r 0.35 (0.014)

o

l_l R 6 5 O
|_— 090(2" 29)

1.900(48.26) REF
.220(5.59) —— .005(.127)
MAX MIN

PANE ‘l ‘—' .065(1.65)

12.3,(3?3) R . - (
.022(559 10.10 (0.394)
065(1.65) = 45 356; 9.60 (0.386) >0
110(2 79) 041(1.04)
090(2.29) £30(16.0) 245 (0.096) MAX
l‘ .590(15.0)’] r

0 REF 047 0 007
.012(.305) ﬁ\ﬁ 0.13 (0 005)
.008(.203) %_;5 :
690(17.5) _T
}"“ 610(15. 5)"‘ __l L_ 1.03 (0.041) Lo.zs —

0.78 (0.030)
Controlling dimension: millimeters
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mtel ? 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most m Control Word Read-Back Capability
Other Microprocessors m Direct Bit Set/Reset Capability

B High Speed, “Zero Wait State” AD . ili ni
Operation with 8 MHz 8086/88 and n ,z,frtmompig”"e Capabliity on all 0

80186/188 Available in 40-Pin DIP and 44-Pin PLCC
B 24 Programmable I/O Pins il e an -
m Available in EXPRESS

m Low Power CHMOS — Standard Temperature Range
m Completely TTL Compatible —Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry, standard 8255A general purpose
programmable 1/0 device whichis designed for use|with all Intel and most.other microprocessors. It provides
24 1/0 pins which may be individually programmed!in 2/groupsof 12 and usedin 8.major modes of operation.
The 82C55A is pin compatible with-the NMOS 8255/ and 8255A-5.

In MODE 0, each./group of 1271/O-pins, may be programmed in sets-of-4 and 8 to'beiinputs or outputs. In
MODE 1, each group may-be-programmed-ta_have 8 lines of input-or output. 3.of-the remaining 4 pins are used
for handshaking and interrupt ¢ontrol-signals. MODE 2 is:a,strobed bi-directional bus configuration.

The 82C55A/is fabricated on Intel’'s-advanced CHMQ@S  [1[\technology which provides low pewer consumption
with performance equal to.or|greater-than the equivalent NMOS product. The-82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.

s G2 K 5
65 4 3.2 14443 424 40
3= 39 RESET
GroCls 383 0o
{ - —l 3l = ) 3783 01
a0 1o 36 D2
oers .[ J . [ 74= i1} [ — 35 E 03
b , noue | |, “‘_—'ﬁ b MCL L DA, e = IP 343 e
| M) s YoiovR I11% PC6C]13 3300 D4
= PCS 14 3203 ps
Pcnq 15 31 b Dé
[ PCOC}16 300 o7
l PC1EMT 29 Veo
GROUP 18 19 20 21 22 23 24 25 26 27 28
e P e UUUGUOUOUoUU
T PipEgutaEe
@ o—
BI-DIRECTIONAL DATA BUS
~ 231256-31
e Y Y
e cRoe = F A
f I ot o K e oo [ e
PN oxdl] s a0 me
H= ar [Joar
1 ! #o. B
- = []s 35 [] meser
. l o] w70
- ok - cador s mPu‘
i COMAGE conTROL S sonr K i, wo[]e ez
R i e wile gacssa  MPo
reser = sea Y n 3000
, T mE » »[Jos
eca [0 1 : e
wol] u 2o
sci[] s 26[] vee
s pcz [ e 25 re7
231256-1 e[ v 24[7] eee
Figure 1. 82C55A Block Diagram :jg . “p
o2 [ 20 2[] e
231256-2
Figure 2. 82C55A Pinout
Diagrams are for pin reference only. Package
sizes are not to scale.
October 1995 Order Number: 231256-004
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82C55A intel o

Table 1. Pin Description

Pin Number .
Symbol Dip PLCC Type Name and Function
PA3_p 1-4 2-5 I/Q | PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
RD 5 6 ] READ CONTROL: This input is low during CPU read operations.
CS 6 7 | CHIP SELECT: A low on this inp_u_t_enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise.
GND 7 8 System-Ground
Ao 8-9 9-10 f ADDRESS: These input'signals;.in conjunction RD and WR,
controlithe selection of one of the three ports or the control
wordregisters:
Ayl Ayl RD"WR _|-CS | Input Operation (Read)
0] 0 0 1 0 Port A - Data Bus
0 1 0 1 (e} Port B.- Data Bus
1 Q 0 1 0 Port € - Data Bus
1 1 0 1 0 Control Word - Data Bus
Output Operation (Write)
0 0 1 0 (8] Data.Bus - Port A
0 1 1 0 0 Data Bus'- Port B
1 0 i) 0 0 DataBus - Port C
4 1 1 0 0 Data'Bus - Gontrol
Disable Function
X X X X it Data-Bus - 3 - State
X X 1 3 0 DataBus -3 - State
PCy_4 10=13%| 11,13=15 [ |I/©@ JFPORT.C,;PINS 4-7: Upper nibble of an 8-bitidata output latch/
buffer and an 8/bit data input buffer (no lateh for input). This port
can berdivided into(two-4-bit ports under the mode control. Each
4-bitport contains-a 4-bit latch and it can be used for the control
signal outputs and staius signal inputs in.conjunction with ports
A andB.
PCo_3 14-17 16=19 [/Q-, | PORT C, PINS 0-3: Lower nibbleof Port C.
PBo.7 18-25 | 20-22, /0 HPQRT B, PINS 0-7: An 8-bit'data output latch/buffer and an 8-
24-28 bit data input buffer:
Vee 26 29 SYSTEM-POWER: + 5V Power Supply.
D7_o 27-34 | 30-33, I/0 | DATA BUS: Bi-directional, tri-state data bus lines, connected to
35-38 system data bus.
RESET 35 39 | RESET: A high on this input clears the control register and all
ports are set to the input mode.
WR 36 40 I WRITE CONTROL: This input is low during CPU write
operations.
PA7_4 37-40 41-44 /0 | PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
NC 1,12, No Connect
23,34
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82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. Its function is that of a general purpose 1/0
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or struecttres.

Data Bus Buffer

This 3-state bidirectional.8-bit buffer.is used to inter*
face the 82C55A to the system.data bus.. Data‘is
transmitted or received by the buffer upon éxecution
of input or output/instructions by the CPU. (Conirol
words and status information are also transferred
through the data bus buffer.

Read/Write and Control.logic

The function of this block.is'to-manage all ‘of the
internal ‘and external /transfers: of both-Data/ and
Control or Status words. it accepts inputs:from the
CPU Address‘and Control busses andiin turn, isstes
commands to both.of ‘the Control Groups,

Group A and Group B Controls

The functional “configuration~of-each port-is pro-
grammed by the systems software. In.essénce; the
CPU “outputs” a ‘control word to)the 82C55A: The
control word containg’information suchi"as, ‘mode”,
“bit set”, “bit'reset’"7ete’, that initidlizes' the-fune-
tional configurationiof the:82C55A.

[y % 1%
(% v

82C55A

Each of the Control blocks (Group A and Group B)
accepts “commands” from the Read/Write Control
Logic, receives ‘“control words” from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A - Port A and Port C upper (C7-C4)
Control Group B - Port B and Port C lower {C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin.descriptions. Figure 6 shows the control word
format_for'both Read and Write operations. When
the control'word'is,read, bit D7 will always be a logic
“1”, as this implies control word mode information.

PorisA,.B;and C

The 82C55A containsthree 8-bit ports (A, B, and C).
All.can_be configured in a wide variety of functional
characteristics.by the system software but each has
its~own_special features or “personality” to further
enhance the power and flexibility of the 82C55A.

Port A. One 8-bit data output latch/buffer and one
8-bit” input | latch-bufier. Both ‘‘pull-up” and “‘pull-
down’”-bus hold:devices are présent on Port A.

Port\ B.-One| 8-bit data input/output latch/buffer.
Only “pull-up™bus hold devices are present on Port
B!

Port C:One 8-bit [data output latch/buffer and one
8:bit_data input-buffer (no latch for input). This port
can'be divided into two 4-bit ports under the mode
control. Each 4-bitsport contains a 4-bit latch and it
can be usedforthe-eontrol signal outputs and status
signal inputs in conjunctiontwith ports A and B. Only
“pulizup!’ ' bus-hold devices are present on Port C.

See Figure 4 for the’bus-hold circuit configuration for
Port A, B, .and G:
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| }
82C55A Intel .

- '
Sl - Y (s of P
Fas====iaND FPORT rL?v
o e "
| I ’_—J
a) |y
BIDIRECTIONAL DATA BUS
0,0,
IN'IBEBR‘;‘L
DATA B o
\\\\ / //‘” / PoRT.C PCPCy
e — k\ ~ ,_/
A — — _;— .
w = rfyoufr N -[_:
‘-"*'u-— ~| oae | '3’?{‘ A u PB38,
- e
e ¢ Y 3
Plon | 4 24 DA i [
=)} \ ;;
o) S, ? 31256-3
Figuri 82C55A owi ” Imi nctions

EXTERNAL
y——— PORT BC
PIN
INTERNAL %
DATA
WR
*NOTE: 231256-4

Port pins loaded with more than 20 pF capacitance may not have their logic level guaranteed following a hardware reset.

Figure 4. Port A, B, C, Bus-hold Configuration
| I
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in'tel " 82C55A

82C55A OPERATIONAL DESCRIPTION CONTROL WORD

D, | Dg [ Ds | D, | D3 | D, | D | Dy

Mode Selection

There are three basic modes of operation that can LH
be selected by the system software:
Mode 0 — Basic input/output
Mode 1 — Strobed Input/output SROURE
Mode 2 — Bi-directional Bus FORT.CILOWER)
1= INPUT
When the reset input goes “high” all ports will be set 9=0uTrUT
to the input mode with all 24 port lines held‘at a logic Pe—
“one” level by the internal bus.hold devices (see 1= INPUT
Figure 4 Note). After the reset”is removed the i
82C55A can remain in the' input mode with*no.addi- MODE SELECTION
tional initialization required: This eliminates the.need el
for pullup or pulldownsdevices in “a~CMOS" de-:

signs. During the/execution of the system-program,
any of the other modes may be selected by.using a

single output instruction. _This-—allows .-a.{single GROUP A
82C55A to service avariety /of peripheral. devices EO—
with a simple software maintenance routine: 1= INPUT
0=O0UTPUT
The modes for Port A and-Port B|can be.separately PORT A
defined, while Port G'is.divided-into two portions as RoErr
required by the“Port Arand:Port-B definitions. All‘of
the output registers, including the status flip-flops, 0 =NODED
will be reset whenever the-mode is changed. Modes x Bide >

may be combined.sothat their functional, definition
can be “tailored” to almost any. 170 structure. For
instance; Group:B ¢an:be programmed in Mode 0'to

monitor 'simple-switch closings o, display ‘computa- b o S
tional results, c<Group A" could| beprogrammed lin
Mode 1 to monitor a keyboard or-tape reader.on an 231256-6

interrupt-driven basis.

Figure 6. Mode Definition Format

{ et o ! The-mode-définitions and.possiblg mode combina-
. T OQ¥TRQL BUS - LYY tions may seem/confusing, at firstbut after a cursory
DATABUS g™’ review of the complete device operation a simple,
@ iL logical 170 approaéh will strface. The design of the
70, AR N rery 82C55A has taken intofaceount things such as effi-
b W i 1 cient PC board'layout, control signal definition vs PC
_] : layoutiand completefunctional flexibility to support
MooED ] — A almost any“peripheral device with no external logic.
@o @m Vo 1o Such_design represents the maximum use of the
P, Pey  PCRC,  PGPC,  PAPA available pins.
e : sl Single Bit Set/Reset F
OIIN HH O ingle Bit Set/Reset Feature
Prft Coaies  Conmet AT Any of the eight bits of Port C can be Set or Reset
c using a single OUTput instruction. This feature re-
wooes =L 8ot AT duces software requirements in Control-based appli-
/0 I 1 l l 1 I l l @MDIRECNML catlonS.
AT
231256-5 When Port C is being used as status/control for Port
N - = A or B, these bits can be set or reset by using the Bit
Figure 5. Basic Mode Definitions and Bus Set/Reset operation just as if they were data output
Interface ports.
5
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82C55A intel R

Interrupt Control Functions

CONTROL WORD

When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that

l can be used as interrupt request inputs to the CPU.
ny BT SET/RESET The interrupt request signals, generated from port' C,
DONT 0~ RESET can be inhibited or enabled by setting or resetting
CARE the associated INTE flip-flop, using the bit set/reset
pem— function of port C.
1[2[3]4[5]6[7]
Plaofaol1lol1[ed | his function allows the Programmer to disallow or

Lo ific 1/0 device to interrupt the CPU with-
! other device in the interrupt struc-

6 I
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intgl.

Operating Modes

Mode 0 (Basic Input/Qutput). This functional con-
figuration provides simple input and output opera-
tions for each of the three ports. No “handshaking”
is required, data is simply written to or read from a
specified port.

MODE 0 (BASIC INPUT)

82C55A

Mode 0 Basic Functional Definitions:
® Two 8-bit ports and two 4-bit ports.
¢ Any port can be input or output.

e Outputs are latched.

® Inputs are not latched.

® 16 different Input/Output configurations are pos-
sible in this Mode.

‘ar <7P£

—— ——
s G BAN
—

€3, A1, A0

4_____mA_~——€L(¥¥

}—__

231256-8

MODE 0 (BASIC OUTPUT)

et
\ N 7k
k———-—'uw———-—’Lh—%n
=3 2
P—____~_—_h" twa
CS, A1, A0 & XL47

ouTePuT

[ e
231256-9
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82C55A i nté )

MODE 0 Port Definition

A B GROUP A GROUPB
D, D3 | Dy | by PORT A (Z?,Fg;; # PORT B (Eg;‘v.'!-sg)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 QUTPUT INPUT 5 OUTPUT INPUT
0 1 1 ¢} OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 QUTPRUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT QUTPUT 10 INPUT OUTPUT
1 0 i i INPUT OUTPUT 11 INPUT INPUT
1 i 0 0 INRPUT INPUT 12 QUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15t INPUT INPUT
MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD #2
% Ds D D, Dy .0, D b, 0309/ 0; D, "B | D) Do,
UEaORLE BTN
LY S WL @ " L_’a;__' PALPA,
626554 82C55A
A e, A ey,
LR c{ 0,0, c{
e - ecre,
Bl—— o s, Bl—r®  pgoep
CONTROL WORD #1 CONTROL WORD #2
D, DG D_,. D‘ DJ D, Dl Dn D, DG Dy D, 03 D, D' DD
tlolooalu'oﬂ uuln]ulolnl1m
A L paen, A E— paen,
82Cs5A 82CS5A
A pc 2, ——A— bc0c,
0,-0) +———— & c—[ 0,0y +——o ] c{
A pcyec, ~—A— b rc,
oA 8,78, 8 |——A— ro,40,
23125610
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intgl.

MODE 0 Configurations (Continued)

82C55A

CONTROL WORD #a

D, 04 O, O, D; D, D, D,
I‘JO 0[0[1{0[0 01
1

A——;L-—-—ba PA,-VAD

82C55A
4

PCPC,

DDy S c

CONTROL WORD #§
P; Og O, D, D; D, D, D,

(LT LT

Afe—pt PAPA,

D) Dy =

4
= pC,ec,
c

. PCPC,

: 8 -—/l—- PB,-PB,

CONTROL WOR;
0; 0Dg

S
. % R — .
—% B N A
> N S i
5 ? Cy-PCs
o) L RAAY, 'ﬁ g
- | ’r MO Y - P8y-PB,
2 ¢ | A A PR -
Ha S
Dg )y O o ilsan st 6 Cm 2 ¢ E
1 o 90 on - 0 ﬁ &0 @
62 e i A ey
0,-0 "‘ e
' 5 \;} o
&% 1. @ s rorec,
8 S—V“— °8,-p8, 9 = f\ b5
aynant? | I
m;;:'lﬂ:: WO;D ’;‘ D’ ) R . RD #11
uﬂlololilﬂl1]—“l tlolnl1lo[o’|m
A L PAPA Y PA,-PA,
82C55A4 B82CS5A
DyDp +————| c{ ‘_—/‘— S { __/‘_. PCyPC,
S - PC,PC, ’ f——t . pc b,
8le—rt en ey 8le—r2  pg pg,
231256-11
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82C55A In o

MODE 0 Configurations (Continued)

CONTROL WORD #12 CONTROL WORD #14
D, Dy D, D, b, D, D, D, D, Dy Dy D, D, D, D, D,
[r]e]sjnir]ufs ] [rlelefefofals]e]
A | rarea, Aot en,en,
82C55A 82C55A
4—_/L— PC,-PC, ———,L- pC,-PC,
0,-0, c{ ) c{
\ S
A= —
= = - [
- = = -
— " ¢ % VYV
CONTR D #13 - ” ‘// \ L $i5
o, D, O, D - y Fipen ™ 0,
Wy o / Y, \ N o 1 11 1

| 1 i

. b E? “"T 3 7_ Yvﬂv TYT*E ; d &
Q 4

'_1 o

231256-12

Operating M %z\ i¢/ functional 9@‘"‘“
@ ﬂ(\ Group.A'and p B).
MOPE . _(Strob i ? il : ) oup contains o it data port and one
configuration provi meangfor transferring 4-bit control/dat®po
omgo &

data to or from a spegi junction with
p QLncion wi e. The 8 G}ta be either input or output

strobes or “handshaking mo A

and Port B use the lines o o ?ér&f ob 1N otinpts uts are latched.

accept these “handshaking” sig e T used for control and status of the
port.

10 I
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i n‘tel o 82C55A

Input Control Signal Definition WOOE § oA
STB (Strobe Input). A “low” on this input loads Pa,PA -@-
data into the input latch. CONTROL WORD

D; Dg D5 Dy D3 D, D; D,

NANIN
*
IBF (Input Buffer Full F/F) nnnanM
67
1= INPUT

A “high” on this output indicates that the data has 0= OUTPUT
been loaded into the input latch; in essence, an ac-
knowledgement. IBF is set by STB input being low

578,

——— 1BF,

|—= INTR,

and is reset by the rising edge of the RD input: Ho 2
PCq 7 fe——= 10
INTR (Interrupt Request) MODE 1 (PORT 2)
A “high” on this output'can be used to.interrupt the ot s it
CPU when an input _deévice is requesting- service. B D, G0, D,
INTR is set by the STB is a “oné™iBF.is a “one” W —— 57,
and INTE is a “one”. It isTesetlby-the falling.edge of

[—— 18F,

RD. This procedure allows an input device; o re-
quest service from the  CPU /by simply strobingits
data into the port.

- INTRg

INTEA APeT Y
Controlled by bitset/reset of PC4.
INTE B 231256-13
Controlled by, bit sei/reset 0i- PCo.

Figure 8. MODE 1 Input

et

LTRIN
1BF
typte—sl taie
- Y
N tair

W5 (s ]
fa— tpy —o
== = —— e
tes
231256-14
Figure 9. MODE 1 (Strobed Input)
11
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82C55A intd o

Qutput Control Signal Definition

MODE 1 (PORT A)
OBF (Output Buffer Full F/F). The OBF output will PayPAy @
go “low” to indicate that the CPU has written data CONTROL WORD
out to the specified port. The OBF F/F will be set by D, Dz Dg D, D, D, D, D,
the rising edge of the WR input and reset by ACK [ Jo 1 o [nXDXN] i O%Fa
Input being low. Fya . &=,
1=INPUT
ACK (Acknowledge Input). A “low” on this input 0=0uTPUT
informs the 82C55A that the data from Port A or Port [ wn,

B has been accepted. In essence, a response from
the peripheral device indicating that it has‘feceived A
the data output by the CPU.

MODE 1 (PORT B)

INTR (Interrupt Request). A™“high” on_this output

can be used to interruptsthe CPU when an“output PB,?B, g
device has accepted data transmitted-by the-GPU. °3“'Z°LD"°:°D o
INTR is set when'ACK is a “one”, OBF-is a,“one’’ kit T e Tt Mk W .
and INTE is a “‘one”’. It is'reset by the falling.edge of L XXX 1o X °
WR. ——— ACR,

INTE A

Controlled-by bit'set/reset of PCe. T

INTE B sy

Controlled by bit set/reset-of PCs.

231256-15
Figure 10..MODE-1 Qutput
W N 4
r—““—/l .
4= twog F /?
INTR \l
it / /
AT N
tax T tarr
OUTPUT
[o—e{— twp
231256-16
Figure 11. MODE 1 (Strobed Output)

12
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intal.

Combinations of MODE 1

82C55A

Port A and Port B can be individually defined as input or output in Mode 1 to Support a wide variety of strobed

1/0 applications.

PA,PA,

PCs [— IBF,
CONTROL WORD

®; Dg Dy D, D; D, D, D, PC3 [——w TR
[ [o[ Tl [o]X] :
X PC5 fa—rts 110
PCG,I
;:'NPUP"UT L RS
WR——»0 PCif—~—=".GBF,

pe; | fok,

Pof——=1NTR

-—

PORT A = {STROBED INPUT)
PORT B - (STRQBED QUTPUT)

L

PA,-PA [T g
WR —0 PCy |——n 0BF,

PCq |«——— ACK,
CONTROL WORD

7.0 D5 "Dg.0; D, D, D, PCy f——= INTR,
[ [Tl ] :
M L
PCys
1= INPUT.
0= OUTPUT. Rl /\,__’Tl
RD——0) PCofe— 578,

PCy}——— 1BF,

PCo f—— INTR,,

PORT A - (STROBED OUTPUT)
PORT8 (STROBED INPUT)

231256-17

Figure 12. Combinations of MODE §

Operating Modes

MODE 2| (Strobed Bidirectional Bus “1/0).This
functional ‘configuration provides’ a.means for com-
municating with-a peripheral-deviee or structure.on a
single 8-bit busfor both transmitting. and receiving
data (bidirectional-bus 170). “Handshaking” signais
are provided\to\maintain properbus flow:discipline in
a similar manner to°MODE 1. Interrupt \generation
and enable/disable funttions are also-available.

MODE 2 Basic Fungtional Definitions:

¢ Used in Group A only:

¢ One 8-bit, bi-directional'bus port (Port'A) andea 5=
bit control port (Port C).

® Both inputs and outputs are latcheds

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port
(Port A).

Bidirectional Bus 1/0 Control Signal Definition

INTR (Interrupt Request). A high on this output can
be used to interrupt the CPU for input or output oper-
ations.

= Y Y a = v Y Ao o v
lainsdilag siedu Snienudlidiudanion uasdeshdsdadwenenamnadsfifinailly

Qutput Operations

OBF (Output Buffer Full). The OBF output will go
“low’” to/indicate that the CPU has written data out
to'port A.

ACK: (Acknowledge). A “low” on this input enables
the tti-state output buffer of Port'A‘to send out the
data, Otherwise, the outputibufferwill be in the high
impedance state.

INTE 1 (The INTE Flip-Flop Associated with
OBF). Controlled by bit'set/reset of PCsg.
Input Operations

STB*(Strobe Input). A “low” on this input loads
data into the input latch.

IBF (Input Buffer Full F/F). A “high” on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Flip-Flop Associated with IBF).
Controlled by bit set/reset of PC4.

13
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82C55A

CONTROL WORD

D, Dg Dy Dy Dy Dz Dy Dy

[T X[

Pczo
= INPUT
o= Ourur

PORTB
1= INPUT:

N FF

0=0UTPUT

GROUP 8 MODE WE

0= MOQE 0 na

1=MODE, 1

23125618 3
RD.———s PCyo f*—F— 110
Figure13'MODE Control Word
231256-19

Figure 14. MODE 2

DATA FROM
CPUTO82CS5A

o Sl

W ﬂ & / | [

18F A/

P — M ANLY P

PERIPHERAL __
BUS —_—— e _______ﬂ

Z i

DATA FROM DATA FROM
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL

231256-20

Figure 15. MODE 2 (Bidirectional)

NOTE:

Any sequence where WR occurs before ACK, and STB occurs before RDis permissible.
(INTR = IBF  MASK  STB » RD + OBF ® MASK o ACK o WR)

14
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L ]
"‘]‘l’el B 82C55A

MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 {OUTPUT)

PC,

PA, PAy

CONTROL WORD PCy
D; Dg D5 Dy D3 D, Dy D,

1] XIXDXT o+ T}

PCap

1=INPUT
n’
c

P7 Dgulgi’Dy D; D, D, DOy
k e [ [ DX X
of & - 9 \,Q %
N &:ma"/
RD — g3 PCy ACKg RD — o
WR PCo [———= INTR, WR PCy —————= INTR,

231256-21

Figure 16. MODE 1/, Combinations

I 15
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82C55A

Mode Definition Summary

INtal.

MODE 0 MODE 1 MODE 2
N |ouT IN | ouT GROUP A ONLY

PAy| IN [oUT N | ouT —

PA;| IN |oOUT IN | ouT -3

PA,| IN |OUT IN | ouT —

PAs| IN |oOUT IN | out —

PA4| IN |OUT IN | ouT P

PAs| IN |OUT IN__|=0UT «—>

PAg| IN |OUT N f=OUT T

PA;| IN |oOUT N | ouT &

PBy| IN | OUT IN~_\OUT — g

PBy| IN |OUT N~ OuT —

PB,| IN/lOUT IN"{ pouT -

PBs | N OUT N - ‘ouT - |\ MODE 0

PB, [/ IN | ouT N [ouT = ©OR MODE 1

PB5| AN |OUT IN'-)f JouT f - O

PBg | IN | OUT N | ouT >

PBo IN~OUT NI OUT L

PGs | IN |0UT INTRg| INTRS 170

PG [<iN [‘QuT IBF5 | OBFg /0

PCo [IN < OUT STBg { ACKg [I4e]

PC3| AN |OUT INTRAY INTR INTR,

PC4 | AN <f OUT STBA\ |/ 110 STBx

PCs [N t| OuT BF« || MO IBF A

PC [IN | OUT /0 {/ACKa ACK,

PGy [“IN | OUT 4@ | OBFa OBF 4

Special Mode Combination Considerations

There are several ‘combinations-ofymodes, possible.
For any combination; some or all ofthe.Pori G lines
are used for control or status. The.remaining bits are
either inputs or outputs as‘defined by a “Set'Mode”
command.

During a read of Port C,stheustate‘of.all-the Port C
lines, except the ACK and STB lines, will'be placed
on the data bus. In place of the*ACK*and STB line
states, flag status will appear on the data.bus‘in-the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

Through a “Write Port G’ command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be affected by a “Write
Port G command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

16

change an interrupt enable flag, the #“Set/Reset Port
C Bi.command must be used:

With'a‘Set/Reset Port C.Bit* command, any Port C
line programmed as anfoutput (including INTR, IBF
and OBF) can be written, or aninterrupt enable flag
can be“either set or reset./Port C lines programmed
as inputsyincluding ACK and STB lines, associated
with Port Glare not affeeted by a “Set/Reset Port C
Bit!" command..Writing to the corresponding Port G
bit positions” ofsthe ACK and STB lines with the
“Set/Reset"Port C Bit” command will affect the
Group A and Group B interrupt enable flags, as illus-
trated in Figure 18.

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source current.
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intel . 82C55A

Reading Port C Status INPUT CONFIGURATION
D7 Dg Ds D4 D3 Dy D4 Do
In Mode 0, Port C transfers data to or from the pe-
. X ; Fa|INTI 1 INTI
ripheral device. When the 82C55A is programmed to UO, I/OIIB Al N EAllNTHA NTEB['BFB! NTRe
function in Modes 1 or 2, Port C generates or ac-
. . p . ROUP A ROUP B
cepts “hand-shaking” signals with the peripheral de- GRO GROU
vice. Reading the contents of Port C allows the pro- OUTPUT CONFIGURATIONS
grammer to test or verify the “status” of each pe- D7 Dg Ds Dy D3 D, D4 Do
ripheral device and change the program flow ac- == | B8E
cordingly. osFA[ INTEA f 170 , l/o[ NTRa INTEBfosFBf INTRg
2 L . . GROUP A GROUP B
There is no special instruction to read the status in- © ©

formation from Port C. A normal read operation of Figure 17a. MODE 1 Status Word Format
Port C is executed to perform.this function.

D~ Ds DsDs, D;s D, D, Do—]
6§FA[|NTE,||BFA]1NT52[|NTRA | ]

GROUP.A GROUP B
(DefinediBy Mode 0 or Mode 1 Selection)

Figure.17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signal {(Mode)
INTE B PC2 ACKg (Output Mode-1) or STBg (Input Mode 1)
INTE A2 PC4 STBa (input Mode 1, or Mode-2)

INTE A1 PC6 ACK (Output Mode 1-or Mode 2

Figure 18. Interrupt Enable Flagsin Modes 1.and-2
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82C55A i nte' .

ABSOLUTE MAXIMUM RATINGS* ]iOTICE: This is a production data sheet. The specifi-

cations are subject to change without notice.
*WARNING: Stressing the device beyond the “Absolute

Ambient Temperature Under Bias. . . .0°C to + 70°C

Storage Temperature ... ... .. ~65°Cto + 150°C  pamimum Ratings” may cause permanent damage.

Supply Voltage ............... .. — 0.5t0 + 8.0V These are stress ratings only. Operation beyond the

o naol “Operating Conditions” is not recommended and ex-
perating Voltage ............. .. .. + 4Vto + 7v tended exposure beyond the “Operating Conditions”

Voltage onany Input....... ... GND—2V to + 6.5V may affect device reliability.

Voltage on any Output ..GND—0.5V to Vce + 0.5V

Power Dissipation ................... . . 1 Watt

D.C. CHARACTERISTICS

Ta = 0°C to 70°C, Voo =" +6V +10%, GND\= OV/(TA & 4 40°C to +85°C for Extended Temperture)
Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —05 0.8 1
Vig Inpuit High Voltage 2.0 Vee \%

VoL Outputtow Voltage 0.4 \ lol'=12.5mA

Vou Output High Voltage 3.0 V loy = =2.5mA

Vec — 0.4 V loy, =\ =100 pA

e Input Leakage Current h 1 rA Vin.= Ve to oV
(Note 1)

loFL Qutput Float Leakage Current +10 2A VIN.= Vg to OV
(Note 2)

IbAR Darlington Drive Current W25 (Note) mA Ports'A, B, C
Rax= 5000
vEr=H§.av

IpHL PorbHold Low:eakage Current + 50 + 300 pA VouTt/=/1.0V
Port A only

IPHH Rort Hold High Leakage Gurrent 50 —300 MA Vout/= 3.0v
Ports A, B, C

lPHLO Port Hold Low Qverdrive Currerit 350 pA Vout = 0.8V

lpHHO Port Hold:High.Overdrive Current +350 LA Vout = 3.0V

lcc Ve Supply. Current 10 mA (Note 3)

lccse Ve Supply Current-Standby 10 pA Voo = 5.5V
VIN = Vgc or GND
Port Conditions
If1/P = Open/High

O/P = Open Only
With Data Bus =
High/Low
CS = High
Reset = Low
Pure Inputs =
Low/High

NOTES:

1. Pins A4, Ao, CS, WR, RD, Reset.
2. Data Bus; Ports B, C.

3. Outputs open.

4. Limit output current to 4.0 mA.

18
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in.bl ® 82C55A

CAPACITANCE
Ta = 25°C, Vgc =GND = oV
Symbol Parameter Min Max Units Test Conditions
Cin Input Capacitance 10 pF Unmeasured pins
] = returned to GND
Cio I/0 Capacitance 20 p fs = 1 MHz(5)
NOTE:
5. Sampled not 100% tested.
A.C. CHARACTERISTICS
Ta = 0°10 70°C, Vgg' ="+ 5V +10%:~GND <=0V
Ta = —40°C to #85°C for Extended Temperature
BUS PARAMETERS
READ CYCLE
Symbol Parameter SYN2 Units COI‘TdeitsitOns
Min Max
taR Address Stable Before RD | 0 fis
tra Address\Hold Time After D1 0 ns
tRR RD Pulse Width 150 ns
tRD Data.Delay from RD ) 120 hs
tpr RD to Data'Floating 10 75 ns
tRy RecoveryFimebstween RD/WR 200 ns
WRITE CYCLE
Symbol Parameter B2GasR-2 Units Te_s.t
Min Max Conditions
taw Address,Stable Before)WR), 0 ns
twa Address HoldFime Atter WR T 20 ns Ports A& B
20 ns Port C
tww WR Pulse Width 100 ns
tow Data Setup Time Before WR T 100 ns
two Data Hold Time After WR T 30 ns Ports A & B
30 ns Port C
19
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82C55A intel .

OTHER TIMINGS

Symbol Parameter RRGsoR 2 le::iittiins Test
Min Max

twa WR = 1 to Output 350 ns

tiR Peripheral Data Before RD 0 ns

tyR Peripheral Data After RD 0 ns

tak ACK Pulse Width 200 ns

tgT STB Pulse Width 100 ns

tpg Per. Data Before.STB High 20 ns

tpH Per. Data After STB High 50 ns

tap ACK/= 0 to Output 175 ns

tkp ACK = 1 to Output Float 20 250 ns

twos WR = 1to0OBE-=0 150 ns

taoB ACK = 0t0.0BF =4 150 ns

tgis STB = 0 toIBF = 150 ns

triB RD/=to/lBF = 0 150 ns

tRIT RD = 040 INTR-=.0 200 ns

tgiT STB = 1toINTR =1 150 ns

tarT ACK = 1.tolINTR.= 1 150 ns

twiT WR = 0.i0INTR.=0 200 n§ see note 1
tRES Reset Pulse Width 500 ns see note 2

NOTE:

1. INTR T may,occur-as early as, WR.L .

2. Pulse width of initial Reset pulse‘after power on must be-at least 50 pn.Sec. Subsequent Reset pulses/may be 500 ns
minimum. The outputPorts A, B, er-&:may glitch'low:during the reset/ pulsg but-all port-pins will be'held at alogic “one’ level
after the reset pulse.

20
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82C55A

intgl.

WAVEFORMS

MODE 0 (BASIC INPUT)

INPUT
\

CS, A1, A0
\\ 4
Dy-Dp s e —— S an —
—_—— & —_——— |
= o &_ 231256-22

U= et
= o e —
— e ” ‘f/ \\ - ——
/ - 4 ~4 F4 A p- - - \
MODE 0/(BASIC OU ” ‘X PV M (N
a1
/ o \ 3,
R 3
= ue
o -
a,A‘, \_e s ;‘ - "/ -
QUTPUT f
z\ - e
‘& 231256-23
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82C55A l n
®

WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

tr
B
58—
IBF
INTR A //
T
T~ SN o i
) —, )R = _—
WEms S5 )
~ — ——
Loty ol e o B 5 X6 SN\ ~ATT= N\ _____
= i ~ -
g N ~
il s 7| s YR\ \\ 231256-24

MODE 1 (STROB PU e
R ¢ CT g =
[ = J ~
INTR gd)‘z\ ‘i'b
.
] P
A 3? ) : m_—j—
oumer 2 1

231256-25

22 l
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intgl.
WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

82C55A

For A Logic 0 Timing Measurements Are Made At 2.0V For
Logic 1 And 0.8 For A Logic 0.

A.C. Testing Inputs Are Driven At 2.4V For A Logic 1 And 0.45V

DATA FROM
8080 TO 8255
WR
|*=—"'a08 ——] )
OBF
< twop —
INTR / b .
\ A, W, ¥
ACK ‘. : ;
N
B - 24
s1p I \
IBF
i s J‘md— —+| tkp |e—
PERI;LOSERAL __________ ( | B —— T W N
/ —— lm L——-
® )
DATAFROM DATA FROM
PERIPHERAL TO 82585 8255 TO PERIPHERAL
DATA FROM
8255 TO 8080
23125626
Note: w W4
Any sequence where WR occurs before ACK AND'STB occurs before RD is permissible:
(INTR =/IBF ® MASK ° STB e RD -+ OBF o MASK ® ACK o WR)
WRITE TIMING READ TIMING
L
Ag.1. CS x Agey- CS_L
aw —taj— L tar —{ -—‘ ~—tan
- "aa*{.
DATA BUS g RD
\‘—, tow—=|=two tao 'nrl"—
WR DATA BUS,;;;///Z{,/ _HIGH IMPEDANCE .71 vaup %r{ibn/{ﬁézpk&cg
e 231256-28
231256-27
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24 .
* > TEST Pom'rs< 2' C, - 150 pF Bﬁ\gec: Vext*
. 4 TEST EXT
04 08 08 I L= 150pF
e = 231256-30

A *Vexr Is Set At Various Voltages During Testing To Guarantee

The Specification. Cy_Includes Jig Capacitance.
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f= DALLAS Bacss

# SEMICONDUCTOR | ine-Powered RS-232 Transceiver Chip

www.dalsemi.com

FEATURES PIN ASSIGNMENT
* Low-power serial transmitter/receiver for R¥Xour [] 1 8 [ Vee
battery-backed systems o [ 2 7 R
* Transmitter steals power from receive signal il
line to save power D] o B e
* Ultra-low static current, even whefi conifiected GND | | 4 5 [ TXour
to RS-232-E port DS2758-Pin DIP (300-mil)
®* Variable transmitter levelfrom +5-to ¥12 D8275 8-Pin,SQIC (150-mil)
volts
*  Compatible with R$4232-E signals e S o v
* Auvailable in 8-ping/150 mil-wide SOIC Viry ] 3 1290INC
package (DS2758) TI;I(CE ; : (1) gﬁé'”
* Low-power CMOS NG = o FING
GNDIT| 7 Lgmp %
ORDERING INFORMATION DS275E T45Pih TSSOP
DS275 8=pin/DIP:
DS275S 8<pin SOIE PIN DESCRIPTION
DS275E L4-pin FSSOP RXout +IRS-232 Reeeiver Output
Vory = Transmit driver +V
TXi 2 R8<232 Driver Input
GND =System Ground (0V)
TXouT - RS-232 Drivér Output
NC ='No_E€onnéction
RXin - RS:232"Receive Input
Ve ~SystemLogic Supply (+5V)
DESCRIPTION

The DS275 Line-Powered RS-232 Transceiver Chip is a CMOS device that provides a low-cost, very
low-power interface to RS-232 serial ports. The receiver input translates RS-232 signal levels to common
CMOS/TTL levels. The transmitter employs a unique circuit which steals current from the receive RS-
232 signal when that signal is in a negative state (marking). Since most serial communication ports
remain in a negative state statically, using the receive signal for negative power greatly reduces the
DS275’s static power consumption. This feature is especially important for battery-powered systems such
as laptop computers, remote sensors, and portable medical instruments. During an actual communication
session, the DS275’s transmitter will use system power (5-12 volts) for positive transitions while still
employing the receive signal for negative transitions.
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DS275

DS275 BLOCK DIAGRAM Figure 1

Vorv [

Vee - 4

XN TXour

EGATIVE

NI

RXoyr <2 ﬁq— l < BXy

OPERATION

Designed for the unique régtiirements of battery-backed systents, the DS275 provides a low-power half-
duplex interface to an R$232 serial port] Typically, a designer must use an RS-232 device which uses
system power during both negative and-positive transitions. of the transmit signal'to,the RS-232 port. If
the connector to th¢ RS-232.pott is Jleft | connected for af appreciable time.after the communication
session has ended, power will statically, flow: int6 that port; draining the. battery capacity. The DS275
eliminates this stati¢ current drain: by stealing current from the receive lin€ (RXm) ofithe RS-232 port
when that line is at 4 negatiye level (marking).-Since/most asynchronous comimunieation over an RS-232
connection typically remains th a marking state, whén data is fiot being;sent, the DS275 will not consume
system power in this eondition-System power would only be used when positive-going transitions are
needed on the transmit RS-232 output (TXout) when' data 18 sent. “However, since synchronous
communication sessions. typically. exhibit ‘& very low duty-cycle,roverallysystem power consumption
remains low.

RECEIVER SECTION

The RXm pin is the receive nput foranRS-232 signal whose’levels/can range from +3 to +15 volts. A
negative data signal is called a’mark while a positive data-signal is called 4 space. These signals are
inverted and then level-shiftedMo notmal +5-volt CMOS/TTL logicevels: Phe logic output associated
with RXv is RXout which swings from“¥Veo to ground. Thesefore, a matkson RX produces a logic 1 at
RXour; a space produces a logic 0.

The input threshold of RXiN is typically around 1.8 volts with 500 millivolts of hysteresis to improve
noise rejection. Therefore, an input positive-going signal must exceed 1.8 volts to cause RXout to switch
states. A negative-going signal must now be lower than 1.3 volts (typically) to cause RXour to switch
again. An open on RXvis interpreted as a mark, producing a logic 1 at RXour.

TRANSMITTER SECTION

TXm is the CMOS/TTL-compatible input for digital data from the user system. A logic 1 at TXm
produces a mark (negative data signal) at TXour while a logic 0 produces a space (positive data signal).
As mentioned earlier, the transmitter section employs a unique driver design that uses the RXi line for
swinging to negative levels. The RX line must be in a marking or idle state to take advantage of this
design; if RXiN is in a spacing state, TXout will only swing to ground. When TXour needs to transition to
a positive level, it uses the Vorv power pin for this level. Vbry can be a voltage supply between 5 to 12
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DS275

volts, and in many situations it can be tied directly to the +5 volt Vcc supply. It is important to note that
Vbrv must be greater than or equal to Vce at all times.

The voltage range on Vorv permits the use of a 9-volt battery in order to provide a higher voltage level
when TXour is in a space state. When Vcc is shut off to the DS275 and Vbrv is still powered (as might
happen in a battery-backed condition), only a small leakage current (about 50-100 nA) will be drawn. If
TXour is loaded during such a condition, Vorv will draw current only if RXiN is not in a negative state.
During normal operation (Vce=5 volts), Vorv will draw less than 2 uA when TXour is marking. Of
course, when TXourt is spacing, Vorv will draw substantially more current— about 3 mA, depending
upon its voltage and the impedance that TXout sees.

The TXout output is slew rate-limited to less than 30 volts/us in accordance with RS-232 specifications.
In the event TXout should be inadvertently shoried-to ground, internal current-limiting circuitry prevents
damage, even if continuously shorted.

RS-232 COMPATIBILITY

The intent of the DS275 i§ ot so mueh-to teetall the requirements of the'RS-232 specification as to
offer a low-power solution’that Will work withrmost RS-232 ports with,a connector,length of less than 10
feet. As a prime example, the-DS275 will nof meet the RS<232 requirement thatithe signal levels be at
least +5 volts minimum when_terminated by -3 K€ load and-Virv. = 45 volts. Typically a voltage of 4
volts will be present at*TXouT Wwhen spacing. - However, sinec \most-RS-232 receivers will correctly
interpret any voltage /over 2 yolts as-a space, there will.be no problem transmiitting data,

APPLICATIONS INFORMATION

The DS275 is designed-as a low=cost, RS-232-F interface expresslytailored for,the.unique requirements
of battery-operated | handheld ‘productsyAs shown in the cleettical speeifications, the DS275 draws
exceptionally low operating afid-static. current. During normal operation-when data from the handheld
system is sent from 'the“TXouT outpuit, tha.DS275 only .draws significant Vory. current when TXour
transitions positively,(spaeing). Thi§ current flows primarily into the RS=232 receiver’s/3-7 kQ load at the
other end of the attaching cable. Whetr TXeouTi8 marking (a:négative data sighal), the Vorv current falls
dramatically since the negativevoltage i§ provided by the transmit signal from the other end of the cable.
This represents a large reduction in_ overall operating<Curfent, since typical R8-232 interface chips use
charge-pump circuits to establish both positive and negative levels at the'transnit driver output.

To obtain the lowest power consumiption from fhe 8275, 'obscrve the” following guidelines. First, to
minimize Vbrv current when connected*to.di"RS-232 port,.always.maintain TXm at a logic 1 when data is
not being transmitted (idle state). This will force" TXourints the marking state, minimizing Vprv current.
Second, Vbrv current will drop to less than 100 nA when Vcc is grounded. Therefore, if Vorv is tied
directly to the system battery, the logic +5 volts can be turned off to achieve the lowest possible power
state.

FULL-DUPLEX OPERATION

The DS275 is intended primarily for half-duplex operation; that is, RXw should remain idle in the
marking state when transmitting data out TXout and visa versa. However, the part can be operated full-
duplex with most RS-232-E serial ports since signals swinging between 0 and +5V will usually be
correctly interpreted by an RS-232-E receiver device. The 5-volt swing occurs when TXour attempts to
swing negative while RXI is at a positive voltage, which turns on an internal weak pulldown to ground
for the TXour driver’s negative reference. So, transmit mark signals at TXout may have voltage jumps
from some negative value (corresponding to RXmN marking) to approximately ground. One possible
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DS275
problem that may occur in this case is if the receiver at the othor end requires a negative voltage for
recognizing a mark. In this situation, the full-duplex circuit shown in Figure 3 can be used as
analternative. The 22 uF capacitor forms a negative-charge reservoir; consequently, when the TXD line is
spacing (positive), TXour still has a negative source available for a time period determined by the
capacitor and the load resistance at the other end (3-7 kQ). This circuit was tested from 150-19,200 bps
with error-free operation using a SN75154 Quad Line Receiver as the receiver for the TXout signal. Note
that the SN75154 can have a marking input threshold below ground; hence there is the need for TXourto
swing both positive and negative in full-duplex operation with this device.

HANDHELD RS-232-C APPLICATION USING A STEREO MINI-JACK Figure 2

|

| 08275
TTL/CMOS

i
|
N/ |
{I DATA OUT C]—-—l:[C :pr R\:: T [ STEREO MINI-PHONO PLUG
TTUCMOS Dl
|| paamn O 4w ndd
GNO_TXotref 1 hs-232 qur

' Xs
|
|

STEREOJACK (TO SAVE SPACE)

C_ ff =] D-Ne= O W, CUSTOM GABLE
HAND-HELD INSTRUMENT

25-PINTO RJI1 ADAPTOR
=)

Dl LB [

TIL/CMOS o
DATAIN

PC SERIAL
PORT
(DB-25)

TTLCMOS a)
DATA OUT 4

NOTE:

The capacitor stores negative charge whenever the TXD signal from the PC serial port is in a marking
data state (a negative voltage that is typically -10 volts). The top DS275’s TXout uses this negative
charge reservoir when it is in a marking state. The capacitor will discharge to 0 volts when the TXD line
is spacing (and TXour is still marking) at a time constant determined by its value and the value of the load
resistance reflected back to TXour. However, when TXD is marking the capacitor will quickly charge
back to -10 volts. Note that TXD remains in a marking state when idle, which improves the performance
of this circuit.

ABSOLUTE MAXIMUM RATINGS*

Vcee -0.3 to +7.0 volts

Vbrv -0.3 to +13.0 volts
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DS275

RXmN

TXm

TXout

RXour

Storage Temperature
Operating Temperature

+15 volts

-0.3 to Vcc + 0.3 volts

+15 volts

-0.3 to Vec + 0.3 volts

-55°C to +125°C
0°C to 70°C

* This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL_| MIN FYP MAX UNITS NOTES
Logic Supply Ve 4.5 5.0 5.5 \Y 1
Transmit Driver Supply Vory 4.5/ 5-12 1320 Vv 1
Logic 1 Input Vi 200 Veet0.3 A\ 2
Logic 0 Input Vip -0.3 +0.8 \Y
RS-232 Input Range (RXin) Vks 415 +15 \Y%
Dynamic Supply Cufrent
TX[N = VCC lDRVI 400 300 IJA

ICC I 40 1060 !.LA 3
TX[N =GND IDRV] 38 3.0 HA

lecs 40 100 HA
Static Supply Current
TXIN = VCC IDRVZ Ii5 10.0 ].lA

Iccz 10.0 15.0 j.lA 4
TXIN =GND IDRvg 3.8 5.0 mA

Ices 10.0 20.0 A
Driver Leakage .
Cirrer (Vcci o) Loy 0.05 1.0 UA 5
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DS275

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vcc = Vprv = 5V + 10%)

PARAMETER SYMBOL | MIN | TYP MAX UNITS NOTES
TXOUT Level ngh VOTXH 3.5 4.0 5.0 \Y 6
TXour Level Low Vorxr -8.5 -9.0 \% 7
TXout Short Circuit Current Isc +60 +85 mA

TXouyr Output Slew Rate tsr 30 V/ius
Propagation Delay tpp 5 us 8
RXm Input Threshold Low \% 3 0.8 1.2 1.6 A%

RXin Input Threshold High Vin 1.6 2.0 24 \

RXm Threshold Hysteresis Vhys 0.5 0.8 A% 9
RXout Output Current @ 2.4V Ion -1.0 mA

RXout Output Current @ 0.4V IoL 32 mA

NOTES:

. VDRV must be greater than of equal to Veec:

1
2. Vec= Vorv = 5V £ 10%

3. See test circuit in Figure/4.
4. See test circuit in Figure 5.
5. See test circuit in Figure 6.
6

. TXiN=ViLand TX ouzleaded by:3 kQ to ground.

- TXiN= Vi, RXIN # - 10 volts and- FXoutdoaded by 3'kC) to ground.

7
8. TXmto TXour - see Figurer7.
9. Vays= VTu- V1L,
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DS275

DYNAMIC OPERATING CURRENT
TEST CIRCUIT Figure 4

+5V +12v

o

Vec  Vpav

Icct

+5V

g R=3K C = 2500PF

O RXour RXin
GND ? VpuLse

+15V

VpuLse — -15v
I‘-l—.( t = 100 usec

slew rate < 30V/ usec

STATIC OPERATING CURRENT

TEST CIRCUIT Figure 5
lcce +5V +12V ks
v v
+5V Vee Vpav

b

i

O— Rxgyr R¥w -5V

GND

DRIVER LEAKAGE TEST CIRCUIT
Figure 6

+12V

i'onva

Vee Vbrv

X TXour

R= 3K

€___ RXogr. WRXiny f——O —Sto-15V
GND
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DS275

PROPAGATION DELAY TEST CIRCUIT Figure 7

+5V +5V
fect IDRv1
o v oo
T
Vee VbRv N 50% 50%
0.8V
Y
XN O— ™Xn  TXour tep PD
R=3K C=50PF
v,
™ M 0%
; 10% 10%
Voma =
O— Rxour RXm ') —» 1 L —b{ ™
GND

. 080 o) =YoTxL
6 SR 'F or 'R

DS275E 14-PIN TSSOP

P o [
4
LA000NT T WD
Al MM §0.05 ,
[ A2 MVE] 50.75 1.05
: 4 BMM [ 0187 030
CMM o 009 | 0.18
@ I DMM | .4.90 5.10
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