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ABSTRACT

This thesis concerns analysis and experiment on a 3-phase
induction motor drive, using +the conventional thyristors as
solid-state switching devices both in the phase-controlled ac/dc
converter and force-commutation inverter circuits of the dc-linked
converter—inverter system. The thyristorized inverter utilizes a new
commutat ion method called CCIC( Complementary Current Impulse
Commutation ) which is a combination of Mc Murray and Mc
Murray-Bedford methods. Moreover, the commutating enersgy trapped in
the commutating circuit is also fed back to the dc link supply. This
results 1in an inverter of higher efficiency, especially for the PWM
mode of operation in which circuit commutation occurs more frequently.
The circuit operation of the CCIC inverter and commutating current are
described and investigated in details. Then, the trapped energy is
also analyzed and expressed in a mathematical term which is then used
to calculate the optimum value of comnutating inductance and
capacitance. The method of harmonic elimination in the 3—-phase output
voltage of the inverter by means of PWM switching angles, is studied
and analyzed and five PWM patterns of i, 3, 7, S and 11 pulses per
half-cycle are also designed for use in this case. The switching
angles of these PWM patterns are calculated under the assumption that
for each PWM pattern a certain range of low-order harmonic is
eliminated over the whole control range of inverter output frequency.
The Microprocessor 8031 is used in the control system for two main
purposes; one is for generating five PWM patterns of i, 3, 7, S and "1
pulses per half-cycle for the CCIC inverter to operate in a PWM mode,
and the other for the control of constant voltage—-to-frequency ratio.

In the last chapter of this thesis, the prototype of the
motor drive system is also set up in the laboratory and used to test
the 3-phase induction motor so as to obtain the operating
characteristics of the control system: such as, harmonic content of
these PWM patterns, commutat ing current impulse waveform,
voltage—to—frequency ratio, and motor speed-torque relation, etc., and
they are also compared with the theoretical results which appear to be

satisfactory.
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ABSTRACT
This paper concerns analysis and experiment on a

3-phase induction moter drive, using the conventional
thyristors as solid-state switching devices both in
the phase-controlled rectifier and force-commutation

inverter of the control drive system. The
thyristorized inverter utilizes a nev -commutation
method called CCIC( Complementary Current Impulse

Commutation ) which i{s a combination of Mc Murray and
Mc Murray-Bedford methods. Moreover, the cummutaling
energy trapped in the commutating circuit is also fed
buck to the dc This resulls an
inverter of higher efficiency, especially for the Pw

link supply. in

mode of operstion in which circuit commutation

uceurs
more frequently. The trapped energy is also analyzed
and expressed in a mathematical term which is then
used to- calculate the optimum velue of comeutating

jnductance and capacitance. Among five PWM patlerns of
1,3,7,9 amdt 11

generated at the inverter output and they are designed

under

pulses per half-cyele each can  be

the assumption that For each pattern a cerlain
rangn of low-order harmonics is climinaled by oo Family

of prodicled switching angles. Microprocessor #odl s
usixl in the control system for two main purpescs: one,
for generating these PWM patterns nnd the
ol

rat.iv. A protolype of Lhe motor drive system is sol up

is other,

for the control constant volLace~-to-frequency

aml tested in our leboratory and Lhe eleclrical
charncteristics of the system: such as, harmonic

content. of  Lhese PWM patterns, commutnling current

impulse  wavelornm, voltage-to-frequency ratio, and

motor speed-torque relation.etc., are also
and investigated both theoretically and experimentally

in this paper.
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MCS®-51 INSTRUCTION SET

Table 10. 8051 Instruction Set Summary

Interrupt Response Time: Refer to Hardware De-
scription Chapter.

Instructions that Atfect Flag Settings(1)

Instruction Flag Instruction Flag
C OV AC C OV AC

ADD X X X CLRC 0
ADDC X X X CpPLC X
suss X X X ANLCbit X

MUL O X ANLGC,/bit X

DIV 0 X ORL C,bit X

DA X ORL C,bit X

RRC X MOVChit X

RLC X CINE X
SETBC 1

(DNote that operations on SFR byte address 208 or
bit addresses 209-215 (i.e., the PSW or bits in the
PSW) will also affect flag settings.

Note on instruction set and addressing modes:

Rn — Register R7-R0O of the currently se-
lected Register Bank.

— 8-bit internal data location’s address.
This could be an Internal Data RAM
location (0-127) or a SFR [i.e., 170
port, control register, status register,
etc. (128-255)].

— 8-bit internal data RAM location (0-
255) addressed indirectly through reg-
ister R1 or RO.

#data — 8-bit constant included in instruction.

#data 16 — 16-bit constant included in instruction.

direct

@Ri

addr 16 — 16-bit_destination address. Used by
LCALL & LIMP. A branch can be
anywhere within the 64K-byte Pro-
gram Memory address space.

addr 11— 11.bit destination address. Used by

ACALL & AIJMP. The branch will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruction.

rel — Signed (two's complement) 8-bit offset
byte. Used by SJIMP and all condition-
al jumps. Range is —128 to +127
bytes relative to first byte of the fol-
lowing instruction.

bit — Direct Addressed bit in Internal Data
RAM or Special Function Register.

Mnemonic

Description

Osciliator
Period

ADD
ADD
ADD

ADD

ADDC

ADDC

ADDC

ADDC

SuB8

SuBB

suss

sSuss

INC

INC
INC

INC

DEeC
DEC
DEC

DEC

A.Rn
A direct
A,@Ri

A, #data
A Rn
A direct

A @Ri

A, #data
A,an

A direct
A,@Ri

A, #data

A

Rn
direct

@Ri
A

Rn
direct

@Ri

ARITHMETIC OPERATIONS

Add register to
Accumuiator

Add direct byte to
Accumulator

Add indirect RAM
to Accumulator
Add immediate
datato
Accumulator

Add register to
Accumulator

with Carry

Add direct byte to
Accumulator

with Carry

Add indirect
RAM to
Accumuiator

with Carry

Add immediate
data to Acc

with Carry
Subtract Register
from Acc with
borrow

Subtract direct
byte from Acc
with borrow
Subtract indirect
RAM from ACC
with borrow
Subtract
immediate data
from Acc with
borrow
Increment
Accumulator
Increment register
Increment direct
byte

Increment direct
RAM

Decrement
Accumulator
Decrement
Register
Decrement direct
byte

Decrement
indirect RAM

12
12
12

12

12

12

12

i2

12

12

12

12

12

12
12

12

12

12

i2

12

All mnemonics copyrighted @ Intel Corporation 1980
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Table 10. 8051 {nstruction Set Summary (Continued)

Mnemonic Description Byte! 0;‘:::;:” Mnemonic Description  Byte ngﬂ:zzor
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC DPTR Increment Data 1 24 RL A Rotate 1 12
Pointer Accumulator Left
MUL AB Multiply A& B 1 48 RLC A Rotate 1 12
oIV AB Divide A by B8 1 48 Accumulator Left
DA A Decimal Adjust 1 12 through the Carry
Accumulator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Register to 1 12 Right
Accumutator RRC A Rotate 1 12
ANL A, direct AND direct byte 2 12 Accumulator
to Accumulator Right through
ANL A,€Ri AND indirect 1 12 the Carry
RAM to SWAP A Swap nibbles 1 12
Accumulator within the
ANL A, #data AND immediate 2 12 ‘ Accumulator
data to DATA TRANSFER .
Accumulator - MOV ARn Move 1 12
ANL direct A AND Accumulator 2 12 reqgister to
to direct byte Accumulator
ANL direct,#data AND immediate 3 24 MOV A, direct Move direct 2 12
) data lo direct byte byte to
ORL ARn OR register to 1 12 Accumulator
Accumulator MOV A e@Ri Move indirect 1 12
ORL A.direct OR direct byte to 2 12 ) RAM to
Accumulator Accumulator
ORL A,@Ri OR indirect RAM 1 12 MOV A #data Move 2 12
to Accumulator immediate
ORL A,#data OR immediate 2 12 data to
datato Accumulator
Accumulator MOV RnA Move 1 12
ORL direct,A OR Accumulator 2 12 Accumulator
to direct byte to register
ORL direct, #data OR immediate 3 24 MOV  Rn,direct Move direct 2 24
data to direct byte byte to
XRL ARn Exclusive-OR 1 12 register
register to MOV Rn,#data Move 2 12
Accumulator immediate data
XRL Adirect Exclusive-OR 2 12 to register
direct byte to MOV  direct,A Move 2 12
Accumulator Accumulator
XRL A,€Ri Exclusive-OR 1 12 to direct byte
indirect RAM to MOV direct,Rn Move register 2 24
Accumulator to direct byte .
XRL A, #data Exclusive-OR 2 12 MOV directdirect Move direct 3 24
immediate data to byte to direct
Accumulator MOV direct,@Ri  Move indirect 2 24
XRL direct,A Exclusive-OR 2 12 RAM to
Accumulator to direct byte
direct byte MOV direct, #data Move 3 24
XRL direct, #data Exclusive-OR 3 24 immediate data
immediate data to direct byte
to direct byte MOV  @RiA Move 1 12
ClR A Clear 1 12 Accumulator to
Accumulator indirect RAM
CPL A Complement 1 12 All mnemonics copyrighted @Intal Corporation 1980
Accumulator
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Table 10. 8051 Instruction Set Summary (Continued)

Mnemonic Description Byte O:Zirl:zzor Mnemonic Description Byte O;Z'::itjor
DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION
MOV  @Ri,direct Move direct 2 24 CLR C Clear Carry 1 12
byte to CLR bit Ciear direct bit 2 12
indirect RAM SETB C Set Carry i 12
MOV @Ri #data Move 2 12 SETB  bit Set direct bit 2 12
immediate cPL C Complement 1 12
datato Carry
indirect RAM cPL bit Complement 2 12
MOV DPTR,#data16 Load Data 3 24 - direct bit
Pointer with a ANL C,bit AND direct bit 2 24
16-bit constant to CARRY
MOVC A,@A+DPTR Move Code 1 24 ANL C./bit  AND complement 2 24
byte relative to of direct bit
DPTR to Acc to Carry
MOVC A,@A+PC Move Code 1 24 ORL C.bit OR direct bit 2 24
byte relative to to Carry
PCto Acc ORL C,/bit  OR compiement 2 24
MOVX A,@Ri Move 1 24 of direct bit
External to Carry
RAM (8-bit MOV C.bit Move direct bit 2 12
. addr) to Acc to Carry
MOVX A,@DPTR - Move 1 24 MOV bit,C Move Carry to 2 24
External direct bit
RAM (16-bit JC rel Jump if Carry 2 24
addr) to Acc is set
MOVX @RiA Move Acc to 1 24 JNC rel Jump if Carry 2 24
External RAM not set
(8-bit addr) J8 bit,rel Jump if direct 3 24
MOVX @DPTR,A Move Acc to 1 24 Bit is set
External RAM JNB bitrel  Jump if direct 3 24
(16-bit addr) Bitis Not set )
PUSH direct Push direct 2 24 Jsc bitrel  Jumpif direct 3 24
byte onto Bitis set &
stack clear bit
POP  direct Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL addrit Absolute 2 24
stack ) Subroutine
XCH ARn - Exchange 1 12 Call
register with  * LCALL addr1i6 Long 3 24
. Accumulator Subroutine
XCH  Adirect Exchange 2 12 Call
direct byte RET Return from 1 24
with Subroutine
Accumulator RETI Return from 1 24
XCH A,@Ri Exchange 1 12 interrupt
indirect RAM AJMP  addrii Absolute 2 24
with Jump
Accumulator LUMP  addr16 LongJump 3 24
XCHD A,@Ri Exchange low- 1 12 SIMP el Short Jump 2 24
order Digit (relative addr)
indirect RAM

with Acc

All mnemonics copyrighted ®Intel Corporation 1980
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Table 10. 8051 Instruction Set Summary (Continued)

Oscillator

!
Mnemonic Description Byte o;zl::::jor Mnemoniec Description Byte Perlod
PROGRAM BRANCHING (Continued) PROGRAM BRANCHING (Continued)
JMP  @A+DPTR Jump indirect 1 24 CJUNE Rn,#datarel Compare 3 24
relative to the immediate to
DPTR register and
JZ rel Jump if 2 24 Jump if Not
Accumulator Equal
is Zero CJNE @Ri, #data,rel Compare 3 24
JINZ rel Jump if 2 24 immediate to
Accumulator indirect and
is Not Zero Jump if Not
CJNE Adirectrel Compare 3 24 Equal
direct byte to DJINZ Rn.rel Decrement 2 24
Acc and Jump register and
it Not Equal Jump if Not
CJINE A #datarel Compare 3 24 Zero
immediate to DJUNZ direct,rel Decrement 3 24
Acc and Jump direct byte
if Not Equal and Jump if
Not Zero
NOP No Operation 1 12

All mnemonics copyrighted @ Intel Corporation 1980
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

a MCS-85™ Compatible 8253-5 » Count Blnary or BCD"

= 3 Independent 16-Bit Counters

m Single + 5V Supply
n DC to 2 MHz

s Programmable Counter Modes » 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses
nMOS technalogy with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operatlon are soft-
ware programmable, .

[
pors = CLK O
Data v
o0, 7 4 Sus KT K couNTER | AR
TV BuFFER \r——-\/~
-——outo
1 ~ Y
R - .———U———
: d o el 0,3 203 vee
WA ———ey
AEAD! ",
wRITE C:> countem | "0\ [ e 0.l 2 2R
A LOGIC o,]> 224D
a . " oum) od e 2ha
'
0,ds 004,
—_T ___I 5,005 8253 1 [a,
cs [ 0,37 upDek?
0,13 w[our2
] GATE 2
— RN NS cxo(] 9 16 g
¥ K3
ot b L e [, owatu  npax:
REGISTER [N— =2 catgo(d .
———0ut 2 ono(d 12 npour
INTERNAL BUS /_\‘

Figure 1, Block Diagram Figure 2. Pin Configuration
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FUNCTIONAL DESCRIPTION
General

The 8253 is a programmable Interval timer/counter
specifically designed for use with the Intel’™ Micro-
computer systems. its function is that of a generatl
purpose, multi-timing element that can be treated as an
array of 1/0 ports in the system software.

The 8253 solves one of the most common problems inany
microcomputer system, the generation of accurate time
delays under soitware control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
imptemented with the 8253.
s Programmable Rate Generator
Event Counter
Binary Rate Muitiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the butfer upon execution of iNputor OUTput
CPU instructions. The Data Bus Butfer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.
3. Reading the count values,

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no

operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)
A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)
A “low™ on this input informs the 8253 that the CPU is

outputting data in the form of mode information or loading
counters.

A0, At

These inputs are normally connected to the address bus.
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

CS (Chip Select)

A “low" on this input enables the 8253. No reading or
writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the
counters.

™~
.t i e —CLK O
Dy- DATA -
ol 8 A.-mm K o COUNTER 1 Gareo
SUFFER
Tty ——outo
A —————
73 p— CLK }
READ/ ] counten
FAITE = Lo GATE
A LoGic —~
———e-0uT 1
A‘ St 3
& ___—T —l
e ctx2
conBall AR = | 1E COUNTER
o le—ocare2
acaisTer N1 [\
-~ out2
INTEANAL BUS / N

Figure 3. Block Dl'agram Showing Data Bus Buffer and
Read/Write Logic Functions

cs RO WR Ay Ao

0 1 o] 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No. 1
0 1 Q 1 0 Load Counter No. 2
0 1 Q 1 1 Write Mode Word

0 [V 1 0 0 Read Counter No. 0
0 0 1 0 1 Read Counter No. 1
0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State
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Control Word Reglster

The Control Word Register is selected when AQ, Alare 11.
It then accepts information from the data bus buffer and
stores it in a register. The inlormation stored in this
register controls the operational MODE of each counter,
selection ol binary or BCD counting and the loading of
each count register.

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable. DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operation,
bunary or BCD. Also, there are special features in the
control word that handle the loading of the count value so
that software overhead can be minimized for these
functions.

The reading of the contents of each counter is availableto
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly” without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 8253 is a component of the Intel™ Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the tamily, It is treated by the systems
software as an array of peripheral 1/O ports; three are
counters and the fourth is a control register for MOOE
programming.

Basically, the select inputs A0, A1 connect to the AQ, A1
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an Intel® 8205 for larger systems.

.
WA ————=Q  ntaos

~
+—cux o
Dy- DATA
ol o eus <:::> COUNTER |, carco
UFFER R
| ouTo

fio po——= CLK 1

wRITE Fi} po— GATE 1
A | tocic v/ :
° e ouT 1
» ——] ! :
cs _____j __J
fo— c1x 2
CONTROL
worD K o CONTE L care2
REGISTER |\
' — ouT 2

INTEANAL BUS /

=

Figure 4. Block Diagram Showing Control Word
Register and Counter Functlons

ADORESS BUS 16} )

C CONTROL BUS )
[T =
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Figure 5. 8253 System Interface
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M — MODE: _
OPERATIONAL DESCRIPTION M2 M1 MO
General G | 0| 0| ModeO
The complete functional detinition of the 8253 is 0 0 1 Mode 1
programmed by the systems soltware. A ‘se.(‘ o! control X 1 0 | Mode 2
words must be sent out by the CPU 1o initialize each
counter of the 8253 with the desired MODE and quantity X 11 1 | Mode 3
information. Prior to initialization, the MODE, count, and 1 0 | Mode 4
output of all counters is undefined. These contro! words T ode s
program the MODE, Loading sequence and selection of ! ode
binary or 8CD counting.
Once programmed, the 8253 is ready to perform whatever BCD:
timing tasks it is assigned to accomplish.
The actual counting operation of each coume.r is 0 Binary Counter 16-bits
completely independent and additional logic is provided " -
on-chip so that the usual problems associated with 1 Ba"'g‘v (;oded Decima! (BCD) Counter
efficient monitoring and management of external, (4 Decades)

asynchronous events or rates to the microcomputer
system have been eliminated.
Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple 1/0 operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Regsster.
(AD, A1 = 11)

Control Word Format
Dy Dg Ds Dy D3 Dp Dy Do
['sc1 | sco | L1 | RLo [m2] w1 | Mo | eco |

Detinition of Control
SC ~— Selact Counter:

sC1 SCo
0 0 Select Counter O
0 1 Select Counter 1
1 0 Select Counter 2
1 1 tHegal

RL — Read/Load:

RL1 RLO
0 0 Counter Latching operation (see
READ/WRITE Procedure Section)
1 [4] Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least significant byte first,
then most significant byte.

Counter Loading

The count register is not toaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Delfinition

MODE 0: {nterrupt on Terminal Count. The output will
be initially low after the mode set operation. After the
count Is loaded into the selacted count register, the out.
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following:

(1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
pul.

The output will go high on the terminai count, If a new
count value is loaded while the output is low it will not
affect the duration of the one-shot pulse unlil the suc-
ceeding trigger. The current count can be read at any
time without alfecting the one-shot pulse,

The one-shot is retriggerable, hence the output will re-
main low for the tull count after any rising edge of the
gate input.
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MOODE 2: Rate Generator, Divide by N counter. The out-
put will be tow for one period of the input clock. The
period from one output puise to the next equals the
number of input counts in the count register. !f the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will retlect the new value,

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
{from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output wil! remain high until
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one haif
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 1¥2 counts and low for
(N = 1)/2 counts.

MOOE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the
output will go low for one input clock period, then will
@o high again.

If the count register is reloaded between output pulses,
the present period will not be affected, but the subsequent
period will refiect the new value. The count will be inhib-
ited while the gate input is low. Reloading the counter
register will restart counting beginning with the new
number.

MODE 5: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the full count after the rising
edge of any trigger.

Signa) Low
Status Or Going
Modes Low Rising High
0 Oisadtes - Enaples
counting counting
1 - 13 Initates -
counting
2} Resets output
atter next clock
2 1} Oisaptes
counting " :::‘::: Enaoies
2) Sets oulput 2 Initiates counting
immed:ately countin
nigh 9
3 1) Disables -
C 9 -3
2) Sets output counting counting
immediately
high
4 Disables — Enables
counting counting
5 —_ Inibales —_—
counting

Figure 6. Gate Pin Operations Summary
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MODE 0: Interrupt on Terminal Count MODE 3: Square Wave Generator
cocx LILLMLMAMLALNULNTL cock _LALAMUMLUALMLALNTL
H ' a 1 4 7 4 2 £ 2 4 2 L] 2 a
Wl ouUTPUTInedy ___[ LT L I 1 I
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MODE 1: Programmable One-Shot MODE 4. Software Triggered Strobe
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TAIGGER Y 4 sxasssserr L2 2 0 0
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Figure 7. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE contrat word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter’'s MODE
control word registes has a separate address so that its
loading is completely sequence independent. {SCO, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE controt word (RLO, RL1). This
loading of the counter's count register is still sequence
independent like the MODE control word loading. but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have 1o tollow the
associated MODE controf word. They can be programmed
at any time following the MODE control word 1oading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'* for Binary or 10*for BCD). in MODE 0
the. new count will not restart until the toad has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Word
Counter n

Count Register byte

Lss Counter n

Count Register byte

Ms8 Counter n

Note: Format shown is a simple example of 1oading the 8253 and
does not imply that it is the only {format that can be used.

Figure 8. Programming Format

A1} A0
MODE Control Word
fro-3 Counter 0 ! !
No. 2 MODE Control Word 1 1
Counter 1
MODE Control Word
(i°- @ Counter 2 ! !
No.4 | LSB Count Register Byte 0 1
Counter 1
Count Register Byte 0 1
No. 5 | MsB Counter 1
No.6 | LsB Count Register Byte 1 0
Counter 2
No.7 | msB Count Register Byte 1 0
Counter 2
Count Register Byte
No.
3\ B s Counter O 0 0
Count Register Byte
No.
G AUSE Counter O 0 0

Note: The exclusive addresses of each counter's count register make
the task of programming the 8253 a very simple matter, and
maximum etfective use of the device will result if this feature
is fully utilized,

Figure 9. Alternate Programming Formats
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Read Operations

In most counter applications it becomes necessary to read
the value ol the count n progress and make a
computational cecision based on this quantity Event
counters are probably the most common apphication that
uses this function The 8253 contains togiC that will allow
the programmer 10 easily read the contents of any of the
three counters withoutl disturbing the actual count in
progress

There are two methods that the programmer can use 1o
read the vatue of the counters The lirst method involves
the use of simpie | O read operations ol the selected
counter By controlling the AQ A1 1nputs to the 8253 the
programmer can select the counter 1o be read (remember
that no read operation of the mode register 1s allowec AQ.
A1-11) The only requirement with this method 1s thatin
order 10 assure a stable count reacing the actual operation
of the selected counter must be inhibited esther by
contsolling the Gate input or by externallogic thatinhibits
the clock input The contents of the counter selected will
be avartable as foltows

tirst 1-O Read contains the least significant byte (LSB).

second 1'Q Read contains the most signiicant byte
(MS8).

Due to the internal logic ol the 8253 1t 1s absolutely
necessary 10 complete the entire reading procedure. 1f two
bytes are programmed 10 be read then two bytes must be
read before any ioaaing WR command can be sent to the
same counter

Read Operation Chart :

Al A0 RD
0 0 T Read Counter No. 0
1 0 Read Counter No. 1
1 0 0 Read Counter No, 2
1 1 0 fitegal

Reading While Counting

in order tor the programmer 10 read the contents of any
counter withou! elfecting or cisturbing the counting
operation the 8253 has special intlernai logic that can be
accessed using simple WR commands to the MODE
register Basically, when the programmer wishes 10 read
the contents of a selected counter “onthe fly” heloads the
MODE register with a special code which laiches the
present count value nto a storage register so that «ts
contents contain an accurate, stable quantity The
programmer thenissues a normal read command 1o the
selected cdunter and the contents of the latched register s
avalable

MODE Register for Latching Count
A0, A1 = 11

D7 06 DS { D4 | D3 | D2 | D1 | DO
SC1 SCO 0 0 X X X X

SC1.SC0 — specify counter to be latched.
D5.04 — 00 designates counter latching operation.
X — don’t care.

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory
to complete the entire read operation as programmed.
This command has no effect on the counter's mode.

3IMHz

CLK

* 1.5MHz

8085

*11 an 8085 clock Oulput 1 10 drive an 8253-5 clock input, it must be reduced 10 2 M2 Of less.

CLK

8253-5

Figure 10. MCS-85™ Clock interface*
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ABSOLUTE MAXIMUM RATINGS*

Amtnent Temperature Under Bias

Storage Temperature

Voltage On Any Pin

With Respect
Power Dissipaty

to Ground
on

65°Cto - 150 C

*Cto70"C

*NOTICE: Siresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage tn the

device. This 1s a stress.rating only and functional opera-
ton of the device at these or any other conditions above
those indicated in the operauonal sections of this

specification 15 not imphed. Exposure to absolute maxi-

05Vto -7V
1 Watt

D.C. CHARACTERISTICS (Tp = 0°C 10 70°C. V¢g = 5V =10%)

mum rating conditions for extended periods may allect
device rehabdiity.

Symbof ;’a;m;t;r" l Min. l _Max, H Urﬂt_ Test Conditions
viL Input Low Vonfgg__”_m o ; -0.5 iy 08 V . | . _ o
Vin Input High Voltage ‘ 2.2 ! Vee 5V \ ]
Vor Output Low Voltage o 1} i 0.45 v __Notet |
Vo Qutput High Voltage — : 24 . v Now2 ]
he Input Load Current .._IL, NCEZ e _I_ WA Vin_- Ve to ov
I0FL Output Float Leakage _ { bocie LA Vour = Vg to 45V |
Ice Vce Supply Current l 140 ! mA |
CAPACITANCE (1A = 25°C. Ve = GNOD = 0V)

Symbol Parameter Min. Typ. [ Max. { Unit '} Test Conditions

Cin Input Capacitance 10§ pF fe = 1 MH2

Cyo 1/0 Capacitance .20 i pF Unmeasured pins returned to Vss ]

A.C. CHARACTERISTICS

Bus Parameters (Note 3)

(Ta = 0°C 10 70°C. Vec = 5.0V =5%. GND = 0V)

READ CYCLE .
) ) 8253 82535
Symbol Parameter Min Max Min. Max. Unit

AR Address Stable Before R_EA—D 50 ! 30 ns

tRA Address Hold Time for READ 5 i 5 ns

RA READ Pulse Width 400 300 ns

1o Data Delay From READ * f 300 200 ns

T T W I R EC S I B
) tay { Recovery Time Between READ ' !
! { and Any Other Control Signal ! B J ! ‘_’im__
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A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
8253 8253-5
Symbol Parameter _ Min. ﬂx_t: L Min. Ma.:‘:._ Unit ]
taw Address Stable Before WRITE 50 30 s ns
twa Address Hold Time for WRITE 30 : 30 ns
tww WRITE Pulse Width 400 300 ns
“ow Data Set Up Time for WRITE 300 250 ns
wo Data Hold Time for WAITE » | 40 30 ns
tay Recovery Time Between WAITE ! T bs
and Any Other Control Signat
CLOCK AND GATE TIMING
8253 82535
Symbol Parameter Min. Max. Min. Max Unit
teLx Clock Period 380 ; de 33(_)—‘ dc ns
tPwH High Pulse Width 230 230 ns
tewi Low Pulse Width 150 150 ns
Gw ' Gate Width High 150 150 ns
tgL | Gate Width Low 100 100 ns
tGs ;__93“ Set Up Time to CLK? 100 2 J_‘..ch A ns
tGH | Gate Hold Time After CLK! 50 50 ns
%o | Output Delay From CLKIlS] 400 400 ns
006 Output Delay From Gatel [4] W 300 300 ns

NOTES:
1. loL = 2.2 mA,

2. loy = ~400 pA.

3. AC timings measured at Von 2.2. VoL = 0.8.

4. Cg = 150pF.

A.C. TESTING INPUT, OUTPUT WAVEFORM

24

£y 22v
‘\
> TESTROINTS <
98 : 08

cLang DB g at 2,

B a, ey T AND 3B FUR

o ASURE ST - S3E FADE AT, v 0B A (UG

A.C. TESTING LOAD CIRCUIT

DEVICE
UNOER
TEST

—
L

£, TNLLUDES s APAy 11N ¢
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WAVEFORMS

WRITE TIMING

i

AgCS X

P X

i.. S J . | ._..;l.,u‘_._

. ! OATA BUS )}

t

- — tow——ta- twg =]

READ TIMING

. csD{.
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LTI YT

el tataa

|

el i

L U DATA ausZ’/,‘%/gfcq”.nxgzmnci% VALID {HIGH IMPEDANCE
et e . '
CLOCK AND GATE TIMING
] 7 tei tog =] |
.
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fon W """'—‘I I ‘o0 ~—=
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BURR-BROWN®

3650
3652

Optically-Coupled Linear
ISOLATION AMPLIFIERS

FEATURES

« BALANCED INPUT

o LARGE COMMON-MOOE VOLTAGES
+2000V Continuous
140d8 Rejection

o ULTRA LOW LEAKAGE
0.35A max at 240V/60Hz
1.8pF Léakage Capacitance

o EXCELLENT GAIN ACCURACY
0.05% Linearity
0.05%/1000Hours Stability

o WIDE BANOWIDTH
15kHz +3d8
1.2V/ usec Slew Rate

DESCRIPTION

The 3650 and 3652 are aptically coupled integrated
circuit isolation amplifiers. Prior to their introduc-
tion commercially available isolation amplitiers had
been modular or rack mounted devices using transform-
er coupled modulation demodulation techniques.

Compared to these earlier isolation amplifiers the ..

3650 and 3652 have the advantage of smaller size,

\ AF-’.PLICATIONS i

« INDUSTRIAL PROCESS CONTROL
« DATA ACQUISITION

o INTERFACE ELEMENT

« BIOMEDICAL MEASUREMENTS

< PATIENT MONITORING

o TEST EQUIPMENT

o CURRENT SHUNT MEASUREMENT
« GROUND-LOOP ELIMINATION

+ SCR CONTROLS

lower cost. wider bandwidth and integrated cireuit
reliability. ‘Also. because they use a DC analog
modulation technique as apposed to a carrier ype
techniyue, theyavoid the problems of electromagnetic
interference (both transmitted and received) that

most of the modutar isolution amplifiers exhibit. . .. ___

1.5M01

gy TS
Light
Rg A Flux
Coupling
~

1.5M0

y 1
v

b 3852 Onty -

T

Cammon te 3650 & 3652 ]

tnternatienal Airport Industriat Park - P.0. Bax 11400 - Tucson, Arfzuna 85734 - Tal. (602) 746-1111 - Twx: 810-952-1111 - Cable: BIRCORP - Talex: 68-8451

PDS-32F

3-21




—138-

SPECIFICATIONS

ELECTRICAL
Typical at 25°C ang =15VOC supply voitages unless otherwise noted.
MODEL | sesomemgw | 38504G | 3650KG sesamamcm | s )
- —_—
ISOLATION
—_
Isolation Voltage
Rated Continuous. 1min: 2000Vp or VOC
Test Voltage, rmin) 10sec duration S000Vp i
—_— ]
1sotation-Mode Rejection, G = 10
oC 14008
60Hz, 5000{) source undaiance. 12008
Leakage Current, 240V/60Hz - - 0.35uA, max
isolation Impedance -
Capacitance 1.8pF
Resistance w0 -
GAIN
Gain Equation .
for current sources G = 106VolVAmp G1 = 1,0057 x 108 VolvAmpm
108 108 y
for voltage sources Gy = Aot Far vt Am v Ror s Ror~Fw<Fo v
tnput Resigtance, Ain, max 250 854
Butier Output iImpedance, Ro Not applicable : . 9001 2300 *
Gain Equation Error, maxs 1.5% . 0.5% 0.5% © 15%e T 0.5%
Gain Nonlinearity =0.05% typ. =0.2% max | £0.03% typ. 20.1% max | 20.02% typ. £0.05% max| £0.05% typ. +0.2% max +0.05% typ. =0.1% max
Gain vs Temperature 300ppmssC < 100ppm/eC S0ppm/°C 300ppm/eCe 200ppm/oCe
Gain vs Time =0.05%/1000hrs. 20.05%/1000Nrs.
Frequency Response
Siew Rate 0.7V/usec min, 1.2V/usec typ.
=3dB Frequency 15kiMz
Settling Time
© t020.01% 4£00usec
to =0.1% - 200usec
INPUT STAGE®™
Input Offset Voltage .
at 25°C, maxo *5my mv | *0.5mV *5mV *2mV
vs Temperature, max *25,V/°C *10uV/°C *5uN/PC *50uVreC *25,VPC
vs Supply 100uV/V 100V
vs Time 50uV/1000 hrs. 100uV/1000 hrs.
Input Bias Current
at 25°C h 10nA typ, 40nA max 10pA typ, S0pA max
vs Temperature 0.3nArC doubles every +10°C
vs Supply 0.2nAN 1pANV
input Offset Current 10pA
vs Temperature effects included doubles every 10°C
vs Supply in output oftset 1pANV
Input impedance
Difterential “RiN" = 250} max 1010
Common-mode 1080} 101
input Noise
Voltage. 0.05Hz to 100H2 8uV. p-p 4u, p-p
10M2 1o 10kHz 4uV, rms 5 *SuV, rms
input Voitage Range
Common-mode, linaar operation, 2| V)5V i Vi -5¢
w/o camage. at +.- v =V
at+l, -l - Not applicable = =300V for 10msec™
at +IR, IR Not applicable = =3000V for 10msec™
Ditferential, w/o damage, at +, - =V =V
Differential, w/o damage. at +1. -{ Not appiicable 2600V for 10msec™
Ditferential, w/o damage. at +iR, -IR Not applicadble +6000V for 10msec™m
Common-mode Rejection, 60H2 90dB at 60Hz, 5k} imbalance 8008 at 60H2. 5kf} imbalance
Power Supply «input Stage Only:
Voitage :at “<V" and “-v~ =8V to218V 8V to 18V
Current
Quiescent 21.2mA™ +3mA =
with =10V output™ +6.5mA or 6.5mA, typ +8.5mA or -8.5mA, typ
+12mA or -12mA, max +16mA or -16mA, max .
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ELECTRICAL (cont) :
MODEL | assomamcm 65006 | 3650KG | sasamamam 1 38525G
OUTAUT STAGE R
Qutput Yoltage, min *10V 0V
Qutput Current, min +5mA =5mA
Output Offset Voltage
8125°C max» =225mv 10mv | =210mv =25mv - | 210mv
vs Temperature, max . 2900uVrRC 2450VrC +300,V/eC =900uV/PC =480V C
vs Supoly 1500uVV 2800uV/V
vs Time 21mV/1000nhrs =1mV/1000hrs
Qulput Ncise Voltage
0.05Hz to 100Hz S0uV. p-p S0uV, p-p
10HZ to 1kHZ 85uV, rms 85uV. rms
Power Supply Output Stage Onty
voltage:~+Vec” and “-Vee™- =8V 1o =18V

Current

+55°C to ~125°C

Quiescent 22.3mA typ. =6mA max
with =SmA output, max =1tmA °
TEMPERATURE =
Spectication 0°C 10 85°C
Operating ~40°C to ~100°C
Storage

1. All slectrical and mechanical specifications of the I850MG and 3652MG are identical to the 3650HG and 3652HG, respectively, except that the following
specitications soply 10 the I8S0MG and J6S2MG. (a) tsolation test voltage duration incrased from 10sec minimum to 80sec minimum; (b) tnput offset voltage st
25°C max: 210mV; vs temp. max: tIOOuV/'C' (c) Output offset voltage at 25°C max: £50mV; vs temp, max: £1.8mV/*C.

2 1fused as 3850, see

and O

3. Timmabie to zero.

4. Gain error tecms specified for inputs applled through butfer amplifiers (i.e.,

g tnstructi

§. Input stage specifications at +1 and ~1 inputs for 3852 uniess otharwise noted.
8. Maximum safe input current at sither input is 10MA.
7. Continuous reting I3 173 pulse eating.
8. Load current is drawn trom one supply lead at a time; other supply current at quiescent fevel. For 3652 2dd 0.2mA/Y of positive CMV.
9. dT/dt > 1*C/minute below 0°C, and long-term storage above 100°C is not recommended. Also limit the repeated thermal cycies to be within the 0°C to +85°C

=t or =R pins),

temperature range. g
MECHAMICAL PIN CONNECTIONS .
=~ e ing pins.
;’..u..........l:. Pin numbers shown

R ey

for ceferance only
Numbers may not be
marked on package. "

NOTE:

Leads in true position
witnin 0.010°
+0.25mm R 3t MMC at
seating plane. -

=
S

INCHES MILLIMETERS ORDER NUMBER:

OM P MIN T MAX | MIN | MAX J650MG  3652MG

1700 | 1788 | 318 | eav0 3850HG  2652MG
8 Juizo [ vres | 7mas | 3v.4e 650G 3652JG
3 70 | 230 | 437 | sea A650KG

ore | 31 | ase | o33 |
. s | 050 | aes 1.27 MATERIAL: Alumina
s 2100 9AsiC 2.34 8anC ceramic:
» v | vsa b oave | 330 WEIGHT: 14 grams
< 188 338 381 | s.39 | 0.5 02
L 00 BASIC 22ee8asic | .
o oo | oo | oas ). MATING CONNECTOR:
n n 2391 390 | 330 2302MC « set of two,

. 18-pin steips:

1.6M01

1.6M0)

©IC)

CNONOXOX

NIDEXS @@
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3652 the “test voltage™ is equal to 1000V plus two times
the “rated continuous™ voltage. Thus. for a continuous
rating of 2000V each unit is tested at S000V.

’ ’ Typical at 25°C ang =15VDC power supplies uniess otherwise noted.
INPUT STAGE SUPPLY CURRENT ISOLATION LEAKAGE CURRENT NORMALIZED LINEARITY AEJECTION VS,
VS. OUTPUT VOLTAGE V'S. ISOLATION VOLTAGE VS. TEMPERATURE RESISTOR IMBALANCE
1. 160 — e I
- emare CMA 60042
< 28 5 £14 . / Suy
: iy =
$ 5 = 12 c * @
T o8 . & S / L2 3 i )
S g% ;\"Q‘A 2., 3 | PARNE
> £32 32 $ T 80 L=l
coar ® QO = I3 W52 AN G -
o 3 < ! a 72
A “ e 2oC 4 s 20,27 $o8e, |
i e f A i e
0 - L 1.0 40!
-1§-10 -5 0 5 10 15 12 3 4 5 25 0 25 50- 75 100 0 025 050 075 1.00
Aga2ma Typ Output Voltage We Isolation Voltage ' =kV: Temperature (°C Input Reisitor imbslance
AmA Max —— V- e - UL T -
For 3852 av- . . Rav « Rga Agr~ Agz
OUTPUT VOLTAGE SWING
gISTOR':'ION v15. FREQUENCY GAIN ERROR VS. FREQUENCY PHASE SHIFT VS. FREQUENCY VS. INPUT SUPPLY VOLTAGE
’ Vour = 210V +2 —-]-——Ga‘" o 0 ... 25°C 5,
-3 Ry = 2k11 ) /\/ & 4o | 3 =10 29 i
2 8o 8 L oo g \/ #q05C
= 2 1 7 3 Gain 110100 ) 0 , s/
S -] Gain = 100 = -80 3 L 7/
= L -2 = ~ 4
3 A w X\ 7] \ z +5 z
@ < 21 3= I
é 03 . 8 vy ﬁ 20 \ g / ,/\ Guaranteed
t l \\ 2 160 o 7 Min. at Qutput
- Supply =15V
] 2 T -180 -+ -0 / l upply \
07" e3 1 3 10 1 3 10 30 0\ W\ 42 NP0~ ool =5 =10 218
Frequency -kHz: Frequency +kHz+ Frequency «kHz+ tnput Supply Voitage +V:
3650 COMMON-MODE 3652COMMON-MODE
AND 1SOLATION-MODE AND ISOLATION-MODE OUTPUT VOLTAGE AND
REJECTION VS. GAIN REJECTION VS. GAIN REJECTION VS.FREQUENCY GAIN ERROR VS. TIME
141 1
O A T T v AN P E 00k, o2
- 1 || Al il 120 | | 21 tos %
5120 St —1 g1 8 NS S 8
S | LAn [N (|2 , 2 = & e lS7ee| | §
A g c e 100 3650 S Pm———. | 2
§ oo L M1 8 00 ' 3 an = 01§
2 f 3 T AL L 3 = 3 . H
8 2; i !%I‘! DCatl or Ia pins E. 80T 36527, \?_ A L R 2
25 € go il Eg_:um__;;_vg_?l_ < 90 R0 \\ £10 c».miﬂ_;q:‘: . 9.052
| +17om 6QH2 at | pins, H oS DNy A\ E . 5
oo L 88 at i pres |11 g e AU - I o °
1 10 100 1000 01 03 1 3 10 30 100 % 10k 100
Gain Frequency 'kHz- Time of Operation Hours:
. solation-mode Aejection ____ isolation-mode Rejection
=== Common-mode Rejection ===~ Common-mode Rejection
DEFINITIONS R . r/lxﬂg(lmlanhr
 ISOLATION-MODE VOLTAGE, Vis0 v '
The isolation-mode voltage is the voltage which appears Vg
across the isolation barrier. i.e.. between the input 2 v
common and the output common. (See Figure 1.) 62
Two isolation voltages are given in the electrical specifi- v
cations: “rated continuous” and “test voltage™. Since it is o™
impractical on a production basis to lest a “continuous™ .
voltage (infinite test time i.s implied). it is generally Visg sysna
accepted practice to test at a significantly higher voltage v " L——&gmu!
for some reasonable length of time. For the 3650 and the Vour® —1C [v, . -ﬂ'-]‘ 88
Rgy +Rg2* Rip CMAR] IMAR

FIGURE i. lllustration of Isolation-mode and Commo®
mode Specifications.
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COMMON-MODE VOLTAGE, Vcu

The common-mode voltage is the voltage midway between
the two inputs of the amplifier measured with respect to
input common. It is the algebraic average of the voltage
applied at the amplifiers’input terminals. In thecircuitin
Figure 5, (V4 + V.)/ 2= Vs, (Note: Many applications
involve a large system “common-mode voltage.” Usually
in such cases the term defined here as “Veu™ is negligible
and the system “common-mode voltage™is applied to the
amplifier as "Viso™ in Figure 1.)

-141-

ISOLATION-MODE REJECTION

The isolation-mode rejection is defined by the equationin
Figure 1. The isolation-mode rejection is not infinite
because there is some leakage across the isolation barrier
due to the isolation resistance and capacitance.

NONLINEARITY

Nonlinearity is specified to be the peak deviation from a
hest straightline, expressed as a percent of peak-to-peak
full scale output (i.e.. £10mV at 20V p-p = 0.05%¢).-

THEORY OF OPERATION

Prior to the introduction of the 3650 family optical
isolatior had not been practical in linear circuits. A single
LED and photodiode combination. while useful in a
wide range of digital isolation applications. has funda-
mental limitations - primarily nonlinearity and instability
as a function of time and temperature.

The 3650 and 3652 use a unique technique to overcome
the limitations of the single LED and photodiode isolator.
Figure 2 is an elementary equivalent circuit for the 3650
which can be used to understand the basic operation
without consideration the cluttering details of offset
adjustment and biasing for bipolar operation.

Isofation Barrlar
ty oA W A
T2y

Input Cammon Vout = Vin ﬂ—:

This improved isolator circuit overcomes the primary
limitations of the single LED and photodiode combin-
ation, The transfer function is now virtually independent
of'any degradation in the LED output as long as the two
photodiodes and optics are closely matched®. Linearity is
now a function of the accuracy of the matching and is
further enhanced by the use of negative feedback in the
input stage. Advanced laser trimming techniques ‘are
used to further compensate for residual matching errors.

*The only effect of decreased LED output is a slight
decrease in full scale swing capability, See Typical
Performance Curves. L ToTTomT e

FIGURE 2. Simplified Equivalent Circuit of Linear
“ Isolator.

Two matched photodiodes are used--one in the input
(CR;) and one in the output stage (CR:) - - to greatly
reduce nonlinearities and time - temperature instabilities.
Amplifier A;, LED CR,, and photodiode CRyare used in
a negative feedback configuration such that I, = 1., Ra
(where Rq; is the user supplied gain setting resistor). Since
CR:and CR: arc/closely matched and since they receive
¢qual amounts of light from the LED CR; (i.e., At = A2),
l: =1, = L, Amplifier A: is connected as a current-to-
voltage converter with V.u = l: Rx where Rx is an
internal IM Q) scaling resistor. Thus the overall transfer
function is:

Vew =V 1ot (R i
o= Ve g Goin ohms)
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FIGURE 3. Simple Model of 3650. -

A model of the 3650 suitable for simple circuit analysis is
shown in Figure 3. The output is a current dependent
voltage source. V. whose value depends on the input
current. Thus, the 3650 is a transconductance amplifier
with a gain of one volt per microamp. When voltage
sources are used the input current is derived by using gain
setting resistors in series with the voltage source (see
Installation and Operating Instructions for details). Ry is
the differential input impedance. The common-mode and
isolation impedances are very highand are assumed to be
infinite for this model.




FIGURE 4. Simple Model of 3652.
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A simfplified model of the 3652 is shown in Figure 4. The
isolation and output stages are identical to the 3650.
Additional input circuitry consisting of FET buffer
amplifiers and input protection resistors have been added
to give higher differential and common-mode input
impedance (10''1). lower bias currents (50pA) and
overvoliage protection. The +1R and=IR inputs have a
10msec pulse rating of 6000V differential and 3000V
common-mode (see Definitions for a discussion of
common-mode and isolation-mode voltages.) The ad-
dition of the buffer ampliliers also creates a voltage-in
voltage-out transfer function with the gain set by Rarand
Ru:.

INSTALLATION & OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

The power supply connections for the 3650 and 3652 are
shownin Figure 5. Whena DC DC converteris used for
isolated power it is placed in a parallel with the isolation
barrier of the amplifier. This can lower the isolation
impedance and degrade the isolation-mode rejection of
the overall circuit. Therefore. a high quality. low leakage
DC DC converter such as the Burr-Brown Model 722°
should be used. C

Wode! 722 0C/0C
~ Converter or egulvalent

c Pe

1.3k}

+15v0C
-»- -15V0C

—p- Output

Ts Inpul Clrcultry

> Qutput
. Common

| “Optional
Olfset Adjust

FIGURE 5. Power and Offset Adjust Connections.

OFFSET VOLTAGE ADJUSTMENTS

The offset nulling circuits are identical for the 3650 and
3652 and arc shown in Figure 5. The offset adjust
circuitry is optional and the units will meet the stated
specifications with the BAL terminals unconnected.
Provisions are available to null both the input and output
stage offsets. If the amplifier is operated at a fixed gain.
normally only one adjustment will be used: the output
stage (10k(} adjustment) for low gains and the input stage
(50k(} adjustment) for high gains.(>10).

Use the following procedure if it is desired to null both
input and output components (forexample. if the gain of
the amplifier is 10 be switched). The input stage offset is
first nulled {50k} adjustment) with the appropriate input
signal pins connected to input common and the amplifier
set at its maximum gain. The gain is then set to its

minimum value and the output offset is nulled 10kQ
adjustment).

INPUT CONFIGURATIONS

Some po_ssiblcinpu( configurations for the 3650 and 3652
are shown in Figures 6a, 6b. 6¢. Differential input sources
are used in these examples. For situations with non-
differential inputs the appropriate source term should be
set tozero in the gain equations and replaced with a short
in the diagrams.

Figure 6a shows the 3650 connected asa tra nsconductance

amplifier with input current sources. Voltage sources are

shown in Figure 6b. In this case the voltages are

converted to currents by Rai and Raz. As'shown by the

equations. they perform as gain setting resistors in the’
voltage transfer function. When a single voltage source is

used it is recommended (but not essential) that the gain

setting resistor remain split into twoequal halves inorder’
to minimize errors due to bias currents and common-

mode rejection (see Typical Performance Curves).

Figure 6c illustrates the connections for the 3652 when
the FET buffer amplifiers Ay and A: are used. This
configuration provides an isolation amplifier with high
input impedance {both common-mode and ‘differential) .
and good common-mode and isolation-mode rejection.
I is a true isolated instrimentation amplifier which has
many benefits for noise rejection when source impedance
imbalances are present.

In the 3652 the voltage gain of the buffer amplifiers is
slightly less than unity. but the gain of the output stage
has been raised to compensate for this so that the overall
transfer function from the 1 or +IR inputs to the output
is correct. It should be noted that A; and A; are buffer
amplifiers. No summing can be done at the =1 or IR
inputs. Figure 6¢ shows the +1and -l inputs used. { more
input voltage protection is desired. then the +1R and -iR
inputs should be used. This will increase the input noise
due to the contribution from thie 1.6MQ resistors. but will
provide additional differential and common-mode pro-
tection (10msec rating of 3kV).
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FIGURE 6b. 3650 With Differential Voltage Source.
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[t @

ﬂE'Oﬂsz’ﬂm +R

FIGURE 6c. 3652 with Differential Voltage Source.'

SIMRR hereisin pA V. typically SpA V at 60H7 and 1pA V at DC.
**The offset adjustment circuitry and power supply conacctions have been
omitted for simplicity. Refer to Figure 5 for details,

ERROR ANALYSIS

A model of the 3650 suitable for DC error analysis of
offset voltage. voltage drift versus temperature. bius
current, etc., is shown in Figure 7.

where E, (RMS) =

Opties

||=lz=lal|‘

- € {Qutput}
/ic finput)

FIGURE 7. DC Error Analysis Model for 3650.
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As and A:. the input and output stage amplifiers. are
considered to be ideal. Separate external generators are
used to model the offset voltages and bias currents. R is
assumed to be small relative to Rey and Ra: and is
therefore omitted from the gain equation. The feedback
configuration. optics and component matching are such
that l; = 1; = Iy = L.. A simple circuit analysis gives the
following expression for the total output error voltage
due to offset voltazes and bias currents.

h
Vittiiat = m [E... +(lu Reit ~ln: Ru:ﬂ"‘ Eons

Offset current is defined as the difference between the
two bias currents Ly and Ins. If It = lnand s = lp + L.,

10%1,..
then. for Rai = Ras, Ve =ln = T .

This component of error is not a function of gain and is
therefore included as a part of E... specifications. The
outputerrors due to the output stage bias current are also
included in E....This results in a very simple equation for
the total error:
_10"E..,
out=tighl = 2R

In summary it should be noted that equation (2) should
be used only when Rai = Ru:. When Rai # Ra
equation (1) applies. Y

The effects of temperature may be analyzed by replacing
the offset terms with their corresponding temperature
gradient terms;

V=8 Viu AT, B =AE., AT. etc.

For a complete analysis of the effects of temperature,
gain variations must also be considered.

v (2)

+ E... {for R = Raa) .

QUTPUT NOISE
The total output noise is given by

Es (RMS) = V(Ea GF + (EaoJ

total output noise

E.i = RMS noise of the input stage
E.o = RMS noise of the output stage
G =10" (Re: + Ruiy)

Eaoincludes the noise contribution due to the optics and
the noise currents of the output stage. Errors created by

- the noise current of the input stage are insignificant

compared to other noise sources and are_ therefore
omitted.

COMMON-MODE and ISOLATION-MODE
REJECTION

The expression for the output error due to common-
mode and isolation mode voltage is:

o= [ e + k]



GUARDING & PROTECTION

To preserve the excellent inherent isolation characteristics
of these amplifiers. the following recommended practice
should be noted:
1. Use shiclded. twisted pair of cable at the input as
with any instrumentation amplifier:

_Care sould be taken to minimize external capaci-
tance. A symmetrical layout of external components
to achieve balanced capacitance from the input
terminals to output common will preserve high IMR;

[d

. 3. External components and conductor patterns should
be at a distance equal to or greater than the distance
between the input and output terminals, to prevent
HYV breakdown.

4. Though not an absolute requirement. the use of
laminated or confarmally coated printed circuit
boards is recommended.

APPLICATIONS

Figure 8 shows asystemw here isolation amplifiers (3650)
are used to measure the armature current and. the
armature voltage of a motor.

/
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FIGURE 9. 3652 Used in Patient Monitoring
Application (ECG. VCG. EMG Amplifier).

The 3652 is ideally suited for patient monitoring appli-
cations as shown in Figure 9. The fact that it is a true
balanced input instrumentation amplifier with very high
differential and common-mode inpedance means that it*
can greatly reduce the common-maode noise pick up due
toimbalance in lead impedances that often appear in
patient monitoring situations, The 3kV and 6kV shown
in Figure 9 are the [Omsec pulse ratings of the +1R and
-IR inputs for the common-mode and differential input’
voltages with respect to input common. The rating of the
isolation barrier is 2000V, pk continuous. The non-

_recurrent pulse rating of the isolation barrier is 5000V. pk

since each unit is factory tested at 5000V. pk. If the
isolation barrier is to be subjected 1o higher v oltages a gas

* filled surge voltage protection device can be used. For

multichannel operation. two 3562°s can be powered by
one Model 722 isolated' DC DC converter. The total
leakage current for both channels at 240V 60Hz would
still be less than 2 A,

The block diagram in Figurc 10 shows the use of isolation
amplifiers in SCR control application.

FIGURE 8. Isolated Armature Current and Voltage
Sensor.

The armature current of the motor is converted 10 a
voltage by the calibrated shunt R. and then amplifier
{adjustable gain) und isolated by the 3650.

The armature voltage is sensed by the voltage divider
(adjustable) shawn and then zmplified and isolated by
the-3650.

The 3650 provides the advantage of accurate current
measurement in the presence of high common-mode
voltage. Both 3650 provide the advantage of isolating
the motor ground from the control system ground.
Isolated power is prO\ided by an_isolated DC DC
converter (BB Model 722 or ec,x.nalcm)

0
3 !
e Firtag CKT.

=

e

i ka - :
=]

ettt

FIGURE 10. 3-Phase Bidirectional SCR Control with
Voitage Feedback.

3-28





