Micros 1

Hardware Interfacing
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80

® Power - Vcc, VsS
®* Reset-RST
® Crystal - XTALJ[1,2]

51 Pin-out

* External device interfacing

— EA, ALE, PSEN, WR
* |/O Port

, RD

— PO[7;0], P1[7:0], P2[7:0], P3
®* P3is shared with control lines

— Serial I/O RxD, TxD,
— external interrupts IN

T0O, INT1

— Counter control TO, T1
®* PO and P2 are multiplexed with

Address and Data bus
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p1.7[ 8 53] Po.6iADS
RsT [0 [32] Po.7AD7
Rx0rPz.0[10 lE_ULﬁi-E 31] EAvpp
Txop3.A[11]  PACKAGE [30] ALE
P22 [12 29] PSEN
MTTP3.2[13 28] P2.7/A15
TO/P3.4]14 El P2.6/A14
T1/P2.5[15 26] P2.5/A13
WRIP3.6[ 1§ [25] P2.4/m12
TP 717 24] P2.3im11
xTAL2 [18 73] P2.2i10
XTAL1 [1 [22] P2.1ia9
'ss [20 21] P2.0/A8




8051 Clock

® 8051 has an on-chip oscillator
® |t needs an external crystal
® Standard connection as shown

* Crystal decides the operating frequency of the
8051

30pF
XTaLz2
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110550 Ha
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8051 Reset

* RESET is an active High
iInput
* When RESET is set to High,
8051 goes back to the o Vs
poweron state
* Power-On Reset o T

— Push PB and active High is RST
applied on RST input.

— Release PB, Capacitor
discharges and RST goes
low.

* RST must stay high for a min
of 2 machine cycles

AR
-

GND
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8051 — Address Bus De-mutiplexing

* ALE — Address Latch

Enable

® 8051 drives it high
when address is
available on ADJ[7,0]

* ALE is used as the
“Enable” signal for an
external latch (74LS573 or 373)

* PO and P2 unavailable
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8051 External Code Memory Access

®* 8051 devices can have either on-chip or external
code ROM

* Input pin EA decides which is used and PSEN is
used to enable lIt.

®* EA is an active low input to 8051

— EA connected to GND (Low) means 8051 uses
external memory for code

— EA connected to Vcc (High) means 8051 uses on-
chip ROM for code memory

* PSEN - Program Store Enable, active low

— Connect this to the OE (output enable) of external
ROM device

Microprocessors 1 Msc. lvan Escobar



Microprocessor Interfacing - Basics

* Any CPU (8051) has
— Address bus A[15:0]
— Data bus D[7:0]
— Control lines : ALE, PSEN, RD, WR

* A Single Processor uP based system has one
CPU and many devices interfaced to it

®* Only one Address bus and one data bus in a
Single Processor system

— ABUS and DBUS are common for all interfaced
devices and the CPU
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Microprocessor Interfacing (contd.)

* All Microprocessor compatible devices have
enable lines (CE - Chip Enable or CS — Chip
Select)

— A function of the address bus f(A[15:0]) is
connected to the CE of every device interfaced

— This function is unigue for every interfaced device

®* The CPU accesses each interfaced device by
way of this unique function

— This function is commonly referred to as the
address of the device
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Microprocessor Interfacing (contd.)

* |nterfaced devices either READ or WRITE or do
BOTH on the DBUS.

— Only one device has “exclusive access”
— Achieved by using Tri-State buses

®* Devices that WRITE to DBUS have CE and
RD/OE only

— Read Cycle: Assert CE and then assert RD/OE

®* Devices that READ and WRITE to DBUS have
CE, RD/OE and WR

— Write Cycle: Assert CE and then assert WR
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8051 Code Memory Read Cycle

= TLHLL
ALE 4)_\ f_\
TLLFL TPLPH ——=
i TANLL, it T LT it
PSEN / N ™ 4 y
TLLAY —fo—ei's TPLAT TR __-'i_.—_-—- TERIZ
PORT @ :H 7 ot B H—K - )_C
-
o A X at-an
J¥ -1

®* 12MHZ part 87C51BH

® TLLIV — ALE low to valid Instr — 234ns max

* TPLIV — PSEN low to valid Instr — 145ns max
* TAVIV — Addr valid to valid Instr — 312ns max
* TPLPH - PSEN pulse width —» 205ns min
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8051 Data Memory Read Cycle

aLE _/_\ A\ S

TNHLH

ot O TLLDV i M, ra
TELEH
B N\ /

TAWLL = TLLAX —§ TRLAF [=— PHRLDY —= TRHDL
= TRHDE -

ud
AT-LY ' =
PORT 0 b o T paTA i PP(a0-47 FROM POL Y misTR. I
Wi |

PORT 2 F2.0-F1.7 OR A8-A15 FROM DPH X AB-A13 FROM FCH

ATEIIE-E

* TRLDV — RD Low to valid Data — 252ns max

* TAVDV — Addr valid to valid Data — 585ns max
* TLLDV — ALE low to valid Data — 517ns max

* TRLRH — RD pulse width — 400ns min

Microprocessors 1 Msc. lvan Escobar
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8051 — Address Generation

* Address Generator
IS a piece of
hardware that

produces unique .
addresses to each R i j
interfaced device o | _%

* Example R R
— F1=A15.A14 [
—~ F2=A15.Al4
— F3=A15.Al14

Microprocessors 1 Msc. Ilvan Escobar
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What Is needed ?

* Need to know the following for all the devices
before address generator can be designed

— Base address of each device
 Where it starts in the address map

— Size of the device
 How much of the address space it uses up

Microprocessors 1 Msc. lvan Escobar
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Example —1 : 2K Memory at 0x0000

® Pins : address — A10 to AQ, Data — D7 to DO, ﬁ),
WR, CE

®* Base address = 0x0000
® Size = 2k (2 *1024 = 2048 bytes = 0x0800)
®* Address Map occupancy

— 0x0000 to OxO7FF that is,

— 0000 - 0000 - 0000 - 0000 binary to
— 0000-0111-1111-1111 binary

® 11 lowest address bits A10 to AO have to be
connected to the address pins on the memory
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Example -1 : (contd.)

* Unused address hits are
— Al5to All

® Base address is 0x0000

®* CE hasto be generated if
all the unused address bits
are logic-0
— CE is active low
* CE=zAl15+Al14 + A13 +
Al2 + A1l

* Then connect RD and WR

Microprocessors 1

Al5 | Al4 | A13 | A12 | A1l | CE
0 0 0 0 0 0
X X X X 1 1
X X X 1 X 1
X X 1 X X 1
X 1 X X X 1
1 X X X X 1

Msc. Ivan Escobar
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Example 2: Same Memory at 0x4000

®* Base address Is
0x4000

— 0100 0000 0000 0000
® Sizeis 2K
®* Unused address bhits

— Al5to All

* CE has to be
generated as per the
truth-table

®* EXxpression is:

Al5 | Al14 | A13 | A12 | A1l | CE
X 0 X X X 1
0 1 0 0 0 0
X 1 X X 0 1
X 1 X X 1 1
X 1 X 0 X 1
X 1 X 1 X 1

and

SO

CE = Al5.A14.A13.A12.A11

Microprocessors 1
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Complete vs. Partial Address Decoding

®* Complete address decoding:
— Use all unused address bits to generate CE

* Partial addressing decoding
— Use a sub-set of the unused address bits
— Used to reduce the address generator complexity
— Produces address mirrors (same device at multiple
addresses)
* Example
— 2K memory at 0x0000, we used A15 to All
— Instead just connect A1l to CE

— Same 2K memory device will then be mirrored for all values
of Al5 to Al12
* 0x0000, 0x1000, 0x2000, 0x3000, ...., 0xF000

— Address generator became very simple, but we lost a lot of
address space
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74138 Decoder for Address Generation

® 3to 8 decoder, available in a single DIP
package.

* Takes 3 address lines and generates complete
addressing among those

* Example
— Connect Al5, Al4, A13 to the decoder inputs

— Decoder outputs give base addresses for

» 0x0000, 0x2000, 0x4000, 0x6000,0x8000, OxA00O,
0xC000, OXxEOOO

®* For more complicated address decoding:
— Play tricks with 74138 enable connections.

— Use programmable devices like PALs, PLDs or
FPGAS

Microprocessors 1 Msc. lvan Escobar
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External Pure Code Memory

* Could be RAM or ROM
* Address generation as per standard procedure

* Connect PSEN to the OE of the memory device
— RD and WR are ignhored

® Connect Data bits D7-D0 of the memory and the
8051
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External Code + Data Memory

* Address generation as per standard procedure

* Logically AND PSEN and RD and then connect
to the OE of the memory

®* Connect WR from the 8051 to WR of the memory

® Connect Data bits D7-D0 of the memory and the
8051
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External I/O Devices

® Same procedure as for interfacing memory

* Only difference is that these devices have
smaller sizes and use smaller portions of the
address space

* Example:

— 8 LEDS connected to an 8-bit latch. The latch is
address mapped to OxF00O. Size is 1lbyte

— 8255 1/0 device memory mapped at 0xD00O. Size
IS 4 bytes

Microprocessors 1 Msc. Ivan Escobar 21



Electrical Considerations

ABSOLUTE MAXIMUM RATINGS!. 2.3

PARAMETER RATING UNIT
Cperating temperature under bias O to+70or =40 to +85 [
Storage temperature range —651t0 +160 [
Voltage on EANpp pinto Veg 0to+12.0
Yoltage on any other pin to Ygg —0.6 10 +6.5
Maximum le per 1O pin 15 m#A
Fower dissipation (based on package heat transfer limitations, not device power consumption) 1.5 W

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section

of this specification is not implied.

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static
charge. Monetheless, it is suggested that conventional precautions be taken to avoid applving areater than the rated maximum.

W

noted.

Microprocessors 1

Parameters are valid over operating temperatura range unless otherwise specifiad. Allvoltages are with respect to Vs Unless otharwise
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Electrical Characteristics (Contd.)

DC ELECTRICAL CHARACTERISTICS

Tamp = 0°C 10 +70°C or —40°C to +85°C, Vg = 2.7V lo 55V,

Ygg = OV (16MHz devices)

SYMBOL PARAMETER Qe LiwITs UNIT
CONDITIONS MIN TYP! MAX
4.0 < Vep < BBV -0.5 0.2Vee-01
VL Input low voltage
2.7V N 4.0V -0.5 07 W
Vi Input high voltage (ports 0, 1, 2, 3, BER) 0.2Vee+0.9 Wieet.5
il Input high voltage, XTALT, RST 0.7Vee Veetlh
W ) il O Wi [ i b 8 \I'.ICC = 2'?\?.
VoL Cutput low voltage, ports 1, 2, loL = 1.6mA2 0.4
’) W e ol o T Voo = 2.7V v
VoL Cutput low voltage, port 0, ALE, PRERE lop = 3.2MA2 0.4 .
l".-".:.: = 2..?\'." i _ v/
_ lop = —20uA Voo -0.7 :
Yan Output high voltage, ports 1, 2, 32 - —
Yoo = 4.-;' W W _ |:| ?r W
lop = —30uA oo ’
Cutput high voltage (port O in external bus mode), Vo = 2.7V T
CHT ALE®, PEERF lor = —3.2mA Vec-07 '
n Logical 0 input current, ports 1, 2, 2 Vi = 0.4Y -1 =50 LA
I Logical 1-to-0 transition current, ports 1, 2, 38 S-Iah-iigtrd —650) LA
ILi Input lzakage current, port O 045 =Wy =Yoo — 0.3 +10 LA
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Port Pin

8051 - Switch On 10 Ports

* Case-1:
— Gives a logic 0 on

et i switch close

— Current is 0.5ma
on switch close

o Intermal Pullup S

= e * Case-2:

ot Pin

2 Poor

Microprocessors 1

— Gives a logic 1 on
switch close

— High current on
Port Min SWItCh Close

* Case-3:

— Can damage port if
0 is output

470 3. Poon
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DIP Switches on |O port

w * DIP switches

K ResPack usually have 8
switches

PLD

* Use the case-1
" from previous

P14 page

lzli; * Can use a

| Resistor Pack,
S DIt Instead of

discrete resistors

—PA
—A
e
—A
—uh

—r ]

— AN
—ArN

B3]

vy

oD
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LED on IO Port

* Try to use current sinking

S -, . Cosel
“' — LED is ON for an output of
s 4 Zero
— = = — Most LEDs drop 1.7 to 2.5
e i L e P volts and need about
e 10ma
2 — Currentis (5-2)/470
o * Case-2
— Too much current
i — Failure of Port or LED
LW L « ® Case-3
e — | — Not enough drive (1ma)
| 1 o — LED too dim
ﬂg —n 148 ﬂ: * Seven Segment LEDs
% n7 — = nz — Common Anode/ Cathode
g D). Corrarem Areck I farg LHD - Commmen ke I — CA preferred

— Case-1 may have LEDs of
different brightness

Microprocessors 1 Msc. Ivan Escobar 26



8051 Interfacing with the 8255

® 8255 - Widely used I/O chip
— 40 pins
— Provides 3 eight bit ports PA, PB and PC

— Port PC can be used as two 4 bit ports PCL and
PCU

— Ports have handshaking ability

— Two address lines A0, Al and a Chip select CS
« Address space of 4 bytes

00b selects Port A

O1b selects Port B

10b selects Port C

11b selects an internal control register
Read only.

Microprocessors 1 Msc. lvan Escobar
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8255 Functional Diagram

® CSis used to interface with 8051

* |If CS is generated from lets say
Address lines A15:Al12 as
follows,

Al15:A12 = 1000 [7-100
®* Base address of 8255 is
— 1000 xxxx xxxx xx00b e
— 8000H

® Address of the reqgisters WR | g
— PA = 8000H ::;
— PB =8001H
_ PC = 8002H T
— CR =8003H s RESET

Lantn -2 00

Microprocessors 1 Msc. Ivan Escobar 28



8255 Operating Modes

® Mode 0 : Simple I/O

— Any of A, B, CL and CU can be programmed as input or
output

®* Mode 1: I/0O with Handshake
— A and B can be used for I/O
— C provides the handshake signals
®* Mode 2: Bi-directional with handshake
— A is bi-directional with C providing handshake signals
— B is simple I/O (mode-0) or handshake 1/0O (mode-1)
* BSR (Bit Set Reset) Mode

— C alone is available for bit mode access
» Allows single bit manipulation for control applications.

Microprocessors 1 Msc. lvan Escobar
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8255 Mode Definition Summary

MODE 0 MODE 1 MODE 2
IN ouT IN ouT GROUP A ONLY
PAg IN QuT IN ouT S
PA; IN ouT IN ouT —
PA, IN OuT IN ouT —>
PAg IN ouT IN ouT o
PAy IN ouT IN ouT
PAg IN ouT IN ouT —
PAg IN QUT IN QuT —
PA7 IN ouT IN ouT —
PBy IN OuT IN ouT —
B, IN ouT IN ouT _
PBs IN ouT IN ouT S
PBj IN ouT IN ouT _
PBy IN ouT IN ouT _
PBe IN ouT IN ouT S
PBg IN ouT IN ouT —
FBy IN ouT IN ouT —_—
PCy IN OuT INTRg INTRg Ie]
PCy IN OuT IBFg OBFg 11O
PCj IN ouT STBg ACKg Ie]
PCy IN ouT INTR,, INTRa, INTR,,
PCy IN ouT BTBa F{e! STB,
PCs IN OuT IBF 110 IBF
PCsy IN ouT I/0 ACKp, ATK,,
PCr IN ouT e OBF, OBF,

Microprocessors 1 Msc. lvan Escobar



8255 Configuration

® Configured by writing a control-word in CR register
®* CR definition

D7 : 1—-1/0 mode, 0 - BSR
D6,D5 : Mode selection for A and CU
e 00 —» ModeO, 01 — Model, 1x — Mode?2
D4 : Port A control
« 1> Ainput, 0 - A output
D3 : Port CU control
e 1> CU input, 0 > CU output
D2 : Port B Mode selection
e 0> Bisinmode 0,1 — Bisin mode 1
D1 : Port B control
« 1 - Binput, 0 - B output
DO : Port CL control
« 1 — CL input, 0 —» CL output

* Refer to 8255 datasheet for additional options

Microprocessors 1 Msc. lvan Escobar
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EOMTRAOL Wiohh

|
Op | Og | Oy Og | Oy | O | Dy O
] |
8255 Control Word [T ]
GROUP I
T ADDRCTE W ' ] PORT € ILOWER)
- 1 . =]  vemeuT
i |' CONTROL BUS ) s GUTFUT
' T OALA NI 11 ] FoRT N
' — s R,
._J‘_,L i; ‘J\ | = QUTPUIT
e
e Bl fathy WGOE SELECTION
= = 0= WMOOE a
e B255A-5 - 1= WCHIE 1
MODED —= g | I}___I -
e
ﬁ'u KD i-1-:l.l'l:l- CHT)
e L I o
P FHy POy PG, L PA,PA,
PORT C (UPPER|
- i = IKFEIT
MIGE1T «] W \ _‘i-'_. & T 0= CAFTPLIT
..ﬁ'“r. i
o [ [ e FORT A
F'HZI:_P'.J;.: COMTROL tﬂr:'rmL Pag Py . — ] _IH'l.IT
il i of Ui i = LTI
WODE SELECTION
C _ I} - MOCE 0
monpa =B — C = A r o1 = ket 1
‘:" [ ’ | g Tk = KON 2
& BI-DIRECTHINAL
' ]
P, Py, W g PR,
MODE SET FLAG
1= &®LETIVE
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8255 Usage: Simple Example

® 8255 memory mapped to 8051 at address 8000H base
— PA =8000H, PB = 8001H, PC = 8002H, CR = 8003H

® Control word for all ports as outputs in modeO
— CR : 1000 0000b = 80H

® Code segment

test: mov
mov
MOovX
mov

repeat: mov
MOovX
inc
MOovX
inc
MOovX
cpl
acall
sjmp

Microprocessors 1

A, #80H
DPTR, #8003H
@DPTR, A

A, #55h

DPTR, #8000H
@DPTR, A
DPTR
@DPTR, A
DPTR
@DPTR, A

A

MY_DELAY
repeat

: control word

: address of CR

: write control word

; will try to write 55 and AA alternatively
; address of PA

- write 55H to PA

; now DPTR points to PB

; write 55H to PB

; now DPTR points to PC

: write 55H to PC

; toggle A (55—->AA, AA—-55)
; small delay subroutine

; for (1)
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BSR Mode

* If used in BSR mode, then the bits of port C can
be set or reset individually.

COINTROL VERD

I:Iil I:IE DL I::'ll- I:'1 EI, I:|1 I:'l:l
I

‘ | BT BET/HESET
® 1= 86T

L I
i 0= REEFT
OONT i
ChAAE

BITSLIET

5|6 7
_1-|!|'|
LR ED
a1 e

BIT SET/HERET FLAC
0= ACTIWE
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