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ABSTRACT

This thesis presents temperature centrol approach for constant heat supply oven employing
Integral-Cycle Binary Rate Multiplier ICBRM) principle by mean of mixing 8-bit binary rate
signal and 1-phase AC signal at 50 Hz. In each cycle sine signal will be equally divided to eight
sections that generate ICBRM signal up to 2040 patterns. The control system starts from
comparing value of temperature measured from thermocouple with the setting value. This
temperature is calculated by computer besed on PI (Proportional ~ Integral) algorithm, then the
result will be sent to 8051 microcontroller to determine binary rate signal pattern for driving
circuit in order to control the oven temperature constantly as required. Furthermore, the ICBRM
signal generation is also applied;to control 1,000 watts, electrical bulb mercury lamp 125 — 250

watts, and 3 phase induction motor 370 watts.
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2.2.1.2 AINIUAUIUL P (Proportional Controller )
dmfunsnuguiiinionisaiuguuuy P u fiumﬁvgmmﬁmmamﬂﬁuuuﬂmnﬂuﬁ’a
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m(t) :Kp [#(2) — c(2)] + m(0) (2.3)
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¥049 Proportional Band (PB) - lauh PB MUY Pereent Propertional Band f1M3UAW
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m(t) = }1- e(t)dt + m(0) (2.6)

i
a - X
Tpo# T, = Integral 130 Reset Time

2.2.1.4 AINIVANUUL D (Derivative Controller)
MNTUNTNNMINILANLUY D ra1ﬁvgmrmﬁamuani‘fuagjﬁuﬁmmmﬂﬁauuﬂawmfhﬁﬂ
waa de(t)/dt ﬂ%’mmiﬂ:msv]uu‘uufrmﬂﬂfrin"lﬁ’immwsnﬂ'?uﬁ'mumumzmﬁﬂm aon linds
YusiAanan Idaramihneufimiarmaiemsnasuiaunniy Fuowiynuesdinugy
wuy D Amua ldnueums 2.7)
de(t)

mOSTER, -

] @.7)
lavh T, = Derivative Time
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Ed E4
dmfudmnuguuuuai 9 snandeduiy lunal§idudadiu msidnauguly
¥ v
Uszynaldanniudeasmdaniunuididioms 1dud Sniunuiwi PTPD uaz PID  ield
ar t:; é = " dl - " s e
Nz auiuOUideIm AU FIaMNINeBIeN5 INANINMISUszReUTINAUYEIR)
1 Y as Jd
AINAN 9 1Aaatl Ao
2.2.581 ﬁammmmu PI (Proportional Integral Controller)
& 9.9 ¥a & ' ada 2
iWiesnnmsnauguiuy P Rildifen oftset Hassanuflmine lunsdififafiumenvesms

v
aaunuid 1l Sunmeniidn integral N30 reset action HIANNII(2:8)
1
o) =K e(t) 4 [etodt +m(0) (2.8)
]
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Tagfnauguuuy P1vuldualsildlfuudalumsniugquamdesns 2 duds fle K, uae

4 i } oo & 4
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2.2.2.2 AINIVHUUVY PD ( Proportional Derivative Controller )

¥ ' b4 " ¥
danuguaiaiildiunszuaunisildmsaiuguuun P viniu - Tasfidauguiiinsma

mIsiaran’h deefuioldsaunis.9)
m() =K e(t) +T, [—()]+ m(0) 2.9)

2223 ﬁ"aﬂ’mﬂmmn PID (Proportional Integral Derivative Controller )
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m(1)=K ,e(t) + Ti [e(wyar +1, [%(;’—)] +m(0) (2.10)
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de(t)

m(r)=K ,e(®) + (K, )(-—) Jede+ (K )T )= 3+ m(0) 1)
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[ ar 1 ' 1 1 [ J
Auiudnlivm K, ed1adenes l)dawarensnsz e negral 402 Derivative 490 ¥4
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(38071 Interaction 1UIBY MINszhvoIdInUguIaena Ui 2 psnsedr 1AuA Reverse fu
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23 HANMINUFIUVDINSHANT Y184 BRM(Binary Rate Modulation)

11 2.19 nanap sHaNdgae Binary Rate fudaann Trnssuerrdy

31 219 vziuiBum A dudiudyanaiinssuaady Taoku1993 Zero Crossing
Detector. fmihiidimuagaiudumudoaa i nssiaaduiigadagudinud 1 fnns
AND Gate $1H1#-Go / No Go Tumsrimumsa hikuwesdyanm Tithnssuaadulugnaaiiiy
aud v liddsdunndaanilives AND Gate it Wilniswandaa sy Binary Rate #
Smuaganeind s muadynis Binary #iudhiige B Woilln Gate ¥9 AND Gate Tugaanm
fminzai I8 R danauerinnlunidlmfa viondnnswendaanauin BRM wanoy
ﬁuawmamﬁumzﬁﬁ'muaﬁm‘lﬂﬁmszuﬂﬁﬁuﬁtﬁﬁﬁu 256 3Unuy lnodyg 1 BRM w119 8
do Wudassaotu a8 £, fisSfos Jos SresSors foos Jrs N381A2004MS Linear Combination

110D 8 guuvudRudoaunIIN 2.12)

ul t—| 2L Tyt 2" b2 sint (2.12)
2a+l 24a ra+l

u(t ) fi® Unit Step Function
- o o o
o Ao anudvesdyanalithaszuaady

a /v A1v04 Binary =0, 1,...,N-1
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fZSS

BINARY RATE

31 2.20 uarnegUadudyg i BRM 8 1ia

2.3.1 psgnaen idheseneefunuvazidead s ICBRM
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20m
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gt 2.21 TS (scan time) v215znoudodyans BRM $1u9u 256 guluuy (255 s2A1)

ute Ts eonidlu 8 dau Tunnq 20 faddunil vesmsnwwdenu luudazdmaaz lnfavewa
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AUM3(2.13)

m+l ml Ml mal
o B oy wnl 2 14D

- 24 = 2 a+l +b a 1 2411-1 o 2 P (213)
VBM(I)=Z[2“N" _IK,,];M si 2—2;:'—:—11— |=si ] ;cos[;nmt\!(,,

a=0 7

¥V, = Vsin (GUt) (2.14)
VI('BRM (t) = Vmw (f)* Vm (t) (215)
W =27f

PNAUNTN 215 WAL NVOUANATS ICBRM 3 idaaail

Vicsrm_ a0 Vicsra (0
= o
Viesrr 4= Vigppy (—1207)
= o
Vieorm 4 0)= ¥iegpy (1 71207) (2.16)
A A o
iiio Vi @) 8 115981 ICBRM

Voo () 7B 115987 BRM multiplier.
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Abstract

This paper proposes controlling of temperature in an
oven by using 4 bits Integral — Cycle Binary Rate
Modulation (ICBRM) method and ac line with frequency
50 Hz. Microcontroller MCS-51 controls ICBRM
according to Proportional Integral controller (P
function . Discrete signals are used in the system
modeled by using Ziegler Nichols principle for analyzing
the stability before designing the system. This procedure
makes it easy to investigate system response. The system.
is implemented by 4 bits digital circuit which gives 320
patterns of ac signal for controlling the generation of
energy for 3,000 watts thermal coil every 20 ms of each

cycle. We divide scan time (Is,) in to 20 intervals, 1 ms

interval is selected fo generate 16 patterns ICBRM.
Because of this method gives the ripple lower than 2% it
generates less noise for system. Moreover, we can
consider whole system from the time model of control
procedure and ICBRM algorithm40-200 o with £1°C
error in the | cubic meter oven.

1. Introduction

Gererally,an electric ovens are used in both household
as well as in industries. The temperature used differs in
different purposes, but the control of temperature usually
use ON and OFF switch or at most, phase control. If
temperature required is accurate with high resolution,
and fast response, it can be replaced by Binary Rate
combination [1], Thus there will be 2 variables i.e., K.
and T; for constant temperature adjustment and accurate
control. It is seen that when T/Tp is used, the ripple is
2%. If number of bit are increased more than 4, the
resolution of temperature will be high as well as time
response improving while Ts, is kept constant.

2. Structure and Theory
2.1 Principle of ICBRM Signal mixing

Fig.l. Block diagram of Binary Rate and alternating
voltage mixing.

Fig.1 shows that input a receives AC signal when the
AC crosses Zero point, the GO pulse pemmits AC to
modulate with binary fed from terminal B of AND gate
with the timing that gives output one cycle. After
mixing, the waveform of f; , f2, f3, f, appeared [2],
these four independent waveform are linear combined to
give the different waveform patterns as in Fig. 2 and

- equation (1) shows frequency combination
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u(t) = Unit Step Function
© = frequency
a = binary bit weight (0,1,....n=1)
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Fig . 2. Binary Rate Multiplier(BRM) patterns.
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The waveform in Fig. 2 are formed from Fig.1, each
continuous AC waveform can “be represented by
equation (2)

f = dy2’ +d2?+d;2' +d2° (2)

d = binary bit of BRM pattern

Pulse input energy in each cycle with open time aT
and close time bT depends on time constant. The output
ripple at temperature stable state can be written as

equation (3)

-a -b%_’
Ripple = (=2 X5 ) ©
1-¢ 4

Where Kp is the dc gain of the plant and T the time constant.

2.2 Structure of control system

R Ts
o x T 1T c
— Sy ] _@/.
L) “~
Closed loop control disgram

Fig. 3. Block diagram of close loop control.

From Fig.3 given sampling rate of controller T, =
(2"-1)T andzero order hold (ZOH), an integral part
of the plant . To give proper controlling and reduce
error, PI is selected from transfer function as shown.

Aol
Digital PI = xc{l—‘”-(yT'—)i—z—}
1-z~

In z — domain K. is a gain, T; is a reset time. When.
we consider plant and ZOH, the transfer function of
both are

(C))

I-—eT'/T']
5)
o(z)=1<p-(——-T-—— (
z-¢ ’F'J
1+ T/m =27 | =™
KoKk { Ak 3
cw . j=g J(z-e T-F.) (6)
R(z) T P Y
i K‘“‘K'll o |}[:-=-T-/r.]
(z-1)(z-2)+K {z(I+T,/T;)-1} = 0 N

Equation (7), R changes step input in order to
determine the response that related to transfer
function on z — domain while ¢(t) and R are equal. To
investigate the starting . condition we  consider
equation (7) by given

1734
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e‘Ts Ty

a= andK =K. Kq Ky (1-2a) ,and T, T, K,
K4 are determined from T;. From open loop control the
ICBRM as in Fig. 2 are obtained. With high gain, the
noise reduction and fast response are resulted.

2.3 Energy supplied to heater

Heater received the ICBRM through drive circuit (3],
thus increases in controllable temperature, accurate, fast
and stable . It can be considered from Fig.4.

Fig. 4. Energy distribution in one cycle.

The average power toa resistive load in (8) ,where V
is the peak voltage , N is number of scan time interval
R is heating element resistance and a is switching
function ,a = 1 when the switch conducts and a = 0
when the switch blocks.

2 T,
J—.V—§ [ a.sin(@)*do
T.r i=1 0

Fov 8

Expressing this in terms of the equation (9), and

simplifying  yields the linear power relation (10)and
(11).
1 V2 N(i-1+8)(2x/N) 2
Dy = i asin(@) dé &)
2 R izt (3-1).(22/N)
V2
P, =—2B 10
w =3 (10)
v 2
P, =2 (11)
R
m . m-1 1 0
When B o Km2" Hhn 2" +h2+k2” o

2M

From Fig. 4, one cycle of sine wave is divided into 20
parts, each part is equivalent to 20 millisecond called
Scan time (Ts,). Part of each waveform that occupied
Ts, is converted into 16 binary bit waveform, Starting
from f; — fis. If more energy is required to supply to
oven, the energy during T,-Two is fed to heater
accordingly. If 100 percent energy supplied is required
it has to supply with fi5 bit waveform.
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In Fig. 5 It is shown only amplitude of full cycle.

3. Structure and Design

b MM'TI
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” Zers Cronsing Ll 1o Gemersie Gate Drive
Decrecsor sRM

Tran ety
ooy ii Cold Junction Electronic
AD and MUX Gain Amplifiee
e
<

ig. 6. Hardware System.

From Fig. 6 Hardware consisted of different units,
such as microcontroller MCS-51 functions as ICBRM
bit generator to supply proper bit for heater by PI
Algorithm.  A/D and Mux circuits convert incoming
signal to digital signal and feedback to preset reference.
Zero crossing detector transmit to interrupt signal at the
trailing edge of the pulse to microcontroller to start
generating the ICBRM pulse train in each cycle. Driver
circuit supplies energy in the form of bit to heater [4]. It
is seen that the whole process continues to supply proper

" and accurate energy to the heater .

4. Testing results of open and close
loop of oven at 100 °’q

The experiment is performed on an oven of the size of
width 1 meter, length 1 meter, heater wire 3000 watts,
room temperature 25 °C. The draft circulation in an oven
keeps temperature at different position equal, by open
loop testing, set output at 55% as the results shown in
Fig.7 Calculate parameters K. and T; by Ziegler Nichols,
using T, = 6.875 minutes ( 2.75 time slot, each
equivalent to 2.5 minute) and L; = 0.6Z25 minute
(0.25 time slot ) will give K. = 9.9and T; = 125 seconds
.With set point at 100 °C, K. is slightly reduced and T;
slightly increased, finally it comes to balance point
which give response time of 15 minutes and percentage
overshoot less than 5%. Different parameters given are
gain K. =9, Integral time (T;) = 200 seconds , Delay
time (DT ) = 150 seconds.  Fig. 8 show the response at
set point 100 °C, chart speed 240 mm/hr. (Horizontal
axis , each scale = 2.5 minutes ) input from 0 to5
volts , output from 0 to 200 °C (0 to 100%).
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Fig. 8. Close loop test with set point 100 °C (50 percent).

5. Conclusions

By mixing ac signal with ICBRM to control
temperature ranging from 40 °C - 200 °C is very.
efficient to keep temperature constant. Temperature
controlling by means of Pl can be able to fix the
percentage ripple by keeping the ratio of T/T, 1. If
bit number N is more than 4, high resolution can be
obtained including faster response. while Ts, mains
change.This technique concentrates on ICBRM , which
is considered to be linear and equal heat energy
distribution i.e., 187.5 W/bit. The ICBRM bit dictates
the energy content, which depends on number of bit and
clock rate. If we require fast response and energy
saving. The energy supplied to heater has to be
compared to gain Ky which controlled by PI at that
moment such that it can satisfy the required condition.
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Fine Adjustment Energy For Filament Heating Process
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Abstract

This paper proposes the fine value adjustment for generating
heat energy to filament by using 8 bits Integral-Cycle Binary Rate
Modulation (IBRM).This principle uses 8 bits BRM modulating with
50 Hz AC signai that gives AC signal 2048 patterns for fine controlling
the energy adjustment to filament every 20 ms. By deviding Scan Time
( T,) in 8 pans. each part uses 2.5 ms for defining 256 pauemns. The

resulis show that this technique has well stability.
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AC three phase fine adjustable energy control by ICBRM Technique
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Abstract

This paper presents the digital design of Integral-Cycle
Binary Rate Multiplier (ICBRM) for the AC three phase fine
adjustable energy control by the Binary Rate Multiplier (BRM) 8 bit
and AC three phase voltage at 50Hz to create the 2048 patterns of
each phase of AC voltage for feed the energy to the AC three phase
load every 20 mSec. By sepmate T, (3can timne) in to 8 pari, each
part can define 256 patterns of BRM signal. The result shown that
this technique can feed the appropriate energy to the AC three phase
load with low energy loss. It can be said that this technique has high
efficiency and stability for energy saving control of The AC three
phase load.

Keywords : BRM, ICBRM
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Tsunsudaudi 1
;********************************#******************
- COMMUNICATE BETWEEN COMPUTER AND MCS-51

: JARIN NAKPHAICHIT

; KMITL
;*****#************#********************************
PORT_A EQU OF800H

PORT B EQU 0OF801H

PORT C EQU OF802H

CTRL_P EQU - OF803H

PORTA EQU (OFCOOH

PORTB EQU O0FCOl1H
PORTC EQU = OFCO2H
CIRLF EQU 0OFCO3LH

« 3% % sk sk 3 sk Sk ke skt sk ok sk ke ok Sk ok ok ok Sk Sk 3k ook 3k okook 3k ol ok ok ook O kook ok ok
3

STACK: BS*_.20

ORG  0000H
DELAYTIME: = MOV' R7#0FEH
DELAYTIME2: MOV  R6,#0FEH

DINZ R6,$

DINZ R7DELAYTIME2
DELAYTIME3: MOV R7#0FEH
DELAYTIME4: MOV R6#0FEH

DINZ R6.$

DINZ R7,DELAYTIME4



ke e e s ok ok ke ok s s o e ok o e s o se sk ol ok ok ok ok ok o ok ok ok Ok K K o 3k o o sk ok
L ]

START: MOV DPTR#CTRL P :SET INPUT PORT
MOV  A#9BH
MOVX @DPTR,A
MOV DPTR#CTRLP :SET OUTPUT PORT
MOV A #80H
MOVX @DPTR,A
MOV  SCON,#50H ;SET SERIAL PORT
MOV TMOD,#20H
MOV  THI#OFDH
SETB TRI
MOV P1#00H

« 3k 3k 3k sk ok e sk ok 3k sk ok sk sk ok e ok S e ok sk Sk o ok sk ok Sk ok ke 3 ok sk e Sk ok ok e Sk ke ok
L

BEGIN: MOV _ R5#00H
MOV  DPTR#PORTB
MOV ' AR5
MOVX @DPTR.A

« ke ok 3k 3k ok sk ol ofe ok ok 3k ok ke ok sk ok ok sk sk ROk 3 ok sk okok 3k ok ok ok o ok ok ok ok ok ok
3

FIRST: ACALL .DATA :MAIN PROGRAM CLOSE LOOP
JNB  RLFIRST

SECOND: ACALL RECV

THIRD: ACALL DATA

LIMP SECOND

» 3 3k 3 3k 3 3k % 3k 3k 3 ok ok ok sk 3k ok sk ok ok ok sk ok ok ok o ok sk ok ok ok 3k sk ok ok sk ok ok ok ok %k
E)

DELAY: MOV R7#01H
DELAY2: MOV R6#0FFH
DINZ R6,$
DINZ R7,DELAY2
RET

84



. s sk s o sk sk ok s o ok ok sk ok ke sk ok ok ok ok sk ok ook ks ok sk ok s sk ok o ok ok sk sk ok ok ook
)

;RECEIVE DATA FROM COM

« s 3 sk ok ok sk ok e ok ok e 3k ok ok sk 3k 3k ok sk e ok ok e sk Sk ok ok 2k sk ok ok ke ok ok ok ok ok ok ok ok
2

RECV: INB RL$ :RECEIVE BRM FROM COM
MOV  ASBUF
MOV Pl,A
MOV R5,A
SHOW: MOV DPTR#PORTB
MOV ARS
MOVX @DPTR,A
CLR Rl
RET

« 3k 3k 3k ok ok ok ok ok ok sk sk 3k sk ok sk sk ok ok sk sk 3k sk 3k ke sk ke ke ok sk ok ok ok ok ok ok ok ok ok kok
3

;SEND DATA TO COM BY DELAY

- 3% 3k sk sk o ok 3k ok ok ok sk sk ok ok sk ke sk sl ok ke ok ok o ok e 3 ok sk ok sk ok Sk kol skokok
]

DATA: MOV DPTR#PORT B ;RECEIVE DATA FROM ADC/0804
MOVX A,@DPTR

ok ok 3k ok o o o e ok ook ok sk ok sk ek ok o o o sk ek ok sk o o ok o sk ok ok o o sk ok
2

HTOA: MOV R4,A ;CHANGE DATA TO ASCI CODE
SWAP A
LCALL HTOAS
MOV RIA .FIRST BYTE
MOV AR4
LCALL HTOAS
MOV R2,A ;SECOND BYTE
SEND: MOV ARI :SEND DATA FROM 0804 TO COM
CiE- o
MOV SBUF,A
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JNB TL$

CLR  TI

MOV AR2
MOV SBUF,A
JNB TIL$

RET

« 3 3k e e sk ok s e sk ok e ke ok skl sk ok ok sk ok ok 3k 3k sk 3k 3k ok ok sk 3k ok 3k sk ok ok ok ok koK ok
3

HTOAS:

ANL A#OFH
MOV ROA
MOV A #09H
CLR o4
SUBB A,RO
JC' HTOAS]
MOV  ARO
ORL A#30H
RET

HTOASI: MOV A.RO

END

3R = C

SUBB A #09H
ORL © A #40H
RET

; CHANGE DATA TO ASCII
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& o ok ok 3k ok ok ok 3k 3 ok ok 3k o 3k 3k sk sk 3k ok sk ok sk sk ok sk ok sk sk sk sk ok ok sk sk sk ok sk sk sk sk Sk b ke e ok sk sk sk sk ok ok ol ok ok sk ook ok ok ok ok ok sk kok sk skokokoskok
‘ TEMPERATURE CONTROL OF OVEN BY USING VISUAL BASIC PROGRAM
* JARIN NAKPHAICHIT
*KMITL
€ sk o ok ok ok sk ok e ok ok o ok e ok o s ok o 3k e s e o sk ok sk sk ke sk ok sk o ok ook s sk ok e s o ok ok ok sk ok sk sk ok sk ok ok sk ok sk ok ok sk ok ok ok sk ko sk ok skok ook
Public KP As Single
Public KI As Single
Public PO As Single
Public DT As Single
Public DE As Single
Public DV As Single
Public DSP As Single
Public SUM As Single
Public PI As Single
Public START As Single
Public TEMP As Integer
Public OLDTEMP As Integer
Public DIFFTEMP As Integer
Public INC As Integer
Public DEC As Integer
Public RANGE As Integer
Public Dmax As Integer
Public Dmin As Integer
Public N As Integer
Public BACK As Integer
Public Diff As Integer
Public BRM As Integer
Public ERROR As Integer
Public NUMBER As Integer
Public SEND As Integer
Public OVER As Integer



Public QUAD As Integer
Public DELAY As Integer
Public RELAY As Integer
Public ZERO As Integer

Public CONDITION As Integer

Public CODE As String
Public INDATA As String
Public DATA As String

Public NOTE As String

Private Sub Command5_Click()
Form4.Enabled = False
Form4.Hide
Form1.Show
Forml.Enabled = True

End Sub

Private Sub Foﬁn_Load()
RELAY =0
ZERO =0
End Sub

Public Sub Commandl_Click()
Command4.Enabled = True
Command3.Enabled = True
Command2.Enabled = True
Command]l.Enabled = False
Command5.Enabled = False
Labelll.Enabled = True
Label12.Enabled = True
Labell3.Enabled = True

Labell4.Enabled = True

'START BOTTOM
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Labell5.Enabled = True

TEMP =0

DSP =0

SUM =0

PI=0

OLDTEMP =0

QUAD=0

BRM =0
MSComm2.PortOpen = True
MSComm2.Output = Chr§(QUAD)
MSComm?2.PortOpen = False
MSComm]l.PortOpen = True

End Sub

Public Sub Command2_Click()
TEMP =0 'STOP BUTTOM
DSP =0
SUM =0
P1=0
BRM =0
BACK =0
QUAD =0
MSComml.Output = Chr$(BRM)
MSComm]1.PortOpen = False
CODE = Hex$(BRM)
Debug.Print "CODE BRM =" & CODE
DELAY =5
Do Until DELAY =0
DELAY = DELAY - 1
Loop
MSComm?2.PortOpen = True
MSComm2.Output = Chr$(QUAD)
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End Sub

MSCommz2.PortOpen = False
Commandl.Enabled = True
Command2.Enabled = False
Command3.Enabled = False
Command4.Enabled = False
Command5.Enabled = True
Timerl.Enabled = False
Timer2.Enabled = False
Timer3.Enabled = False
Labell 1.Enabled = False
Label12.Enabled = False
Label13.Enabled = False
Label14.Enabled = False
Labell5.Enabled = False
Labell'1.Caption=0
Label12.Caption =0
Label13.Caption = BRM
Label14.Caption = 0
Labell5.Caption = 0

Public Sub Command3 Click()

NOTE = "INPUT DATA"

If Textl.Text ="" Then

NOTE =NOTE & " ,TEMP "

End If
If Text2.Text ="" Then

NOTE = NOTE & " ,.Dmax "
End If
If Text3.Text ="" Then

NOTE = NOTE & " ,Dmin "
End If
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If Textd. Text ="" Then
NOTE=NOTE &" KP"
End If
If Text5.Text ="" Then
NOTE=NOTE &" KI"
End If
If Text6.Text ="" Then
NOTE=NOTE & " ,PO"
End If
If TeftlsText = " Oc Fext2.Text 7/ 0r
Text3.Text=""0r Text4-Text =" 0Or( -
Text5.Text=""OrText6Text = "" Then
MsgBox NOTE, vbOKOnly, " Data'Constant."
Lnd If
[f Text]. Text <>"" And Text2.Text<>"" And _
Text3. Text <> "" And Text4.Text <>"" And _

Text5. Text <> "" And Text6.Text < "" Then

€ ok s sk ok ok ok ok ok ok sk ok 3k ok sk ok sk ok ke ok ok 3kl sk ok sk ok ok ke S 3k ok 3k ok ok 3k 3k ok ok ok 3k e Sk ok ok ok ok ok

If TEMP > OLDTEMP Then
sk ok oo kR 3 ok oo ok ok oo o o ook K K o
DIFFTEMP = TEMP - OLDTEMP
INC = DIFETEMP \ 100
RANGE = (INC#*.0.2) \ 1
BRM = BRM + (RANGE + 0.1)
If BRM > 255 Then
BRM = 255
End If
MSComm1.Output = Chr§(BRM)
BRM = BRM + (RANGE + 0.2)
If BRM > 255 Then

BRM = 255



End If
MSComm1.Output = Chr§(BRM)
BRM = BRM + (RANGE + 0.3)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.4)
If BRM > 255 Then

BRM = 255
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.5)
If BRM > 255 Then

BRM =255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.6)
If BRM > 255 Then

BRM =255
End If
MSComm!.Output = Chi$(BRM)
BRM = BRM + (RANGE +0.7)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.8)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
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Elself TEMP < OLDTEMP And TEMP <> 0 Then
o o R R ok R KKK R KRR
DIFFTEMP = OLDTEMP - TEMP
DEC = DIFFTEMP \ 100
RANGE =DEC\ 8
BRM = BRM - (RANGE * 0.2)
If BRM < 0 Then
BRM =(
End If
MSComml.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.3)
IfBRM < 0 Then
BRM =0
End If
MSComm 1.Output = Chr$(BRM)

BRM = BRM - (RANGE * 0.4)
IfBRM <0 Then.

BRM =0
End If
MSComml;Qutput = Chr$(BRM)
BRM = BRM - (RANGE * 0.5)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.6)
If BRM < 0 Then

BRM =0
End If
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MSComm1.Output = Chr§(BRM)
BRM = BRM - (RANGE * 0.7)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.8)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)

BRM = BRM - (RANGE * 0.9)
If BRM < 0 Then
BRM =0
End If
MSComml.Output = Chr$(BRM)

€ ok ok e ok ok ok e sk ok S e o ok Sk ke ke ok s ke ke st ak ke 3k ok ke ok sk e ok Sk 3k Ok Sk sk e st sk ok ok Sk s ke ok skl ok sk ok ok ook koK K kok ok

Elself TEMP =0 Then
© stk RO R K Koo R K o sk K o ok K AR o ko Rk K ok
SUM=0
Pl=0
DE=0
BRM =0
MSComm]1.Output = Chr$(BRM)
End If
End If
OLDTEMP = TEMP
Timer2.Enabled = True
End If

End If



End If
End Sub

Private Sub Command4 Click()
NOTE = "INPUT DATA"
If Textl.Text ="" Then
NOTE =NOTE & " ,TEMP "
End If
If Text2.Text =" {hefi
NOTE =NOTE & " ,Dmax "
End If
18 Text3. TextF "" Then
NOTE =NOTE & " ,Dmin "
End If
If Textd. Text ="" Then
NOTE=NOTE &™ KP"
End If
H TextoiPext =2 Then
NOTE=NOTE & " KI1"
End If
IfText6:Text =""-Then
NOTE =NOTE & "'PO "
End If

& sk ke s ok ok 3k sk ok ok 3k sk sk ok sk sk ok S sk ke ok ok ok sk sk sk sk sk se e S ok ok ok Sk sk ok e e ke ok ok ok ok 3 sk ok ok ok ke oK ok ok ok ok

If Textl.Text = "" Or Text2.Text="" Or _
Text3.Text = "" Or Text4. Text=""Or _
Text5.Text ="" Or Text6.Text ="" Then
MsgBox NOTE, vbOKOnly, " Data Constant "

End If

& sk 3k ok sk ok sk ok 3k sk ke 3k ok ok 3k 3k ok 3k sk ok 3k ok ok 3k 3t ok 3k e ok ke ke ok sk ok ok ok sk sk ok Sk ke ok ok sk ke ok ke ok ok ok sk ok
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If Textl.Text <> "" And Text2.Text < "" And _
Text3.Text <> "" And Text4.Text <>"" And _
Text5.Text <>"" And Text6.Text <>"" Then

MSComm1.PortOpen = False
MSComm?2.PortOpen = True
MSComm?2.0Output = Chr$(QUAD)
MSComm?2.PortOpen = False

MSComm]l.PortOpen = True

TEMP = Val(Textl.Text)
Dmax = Val(Text2.Text)
Dmin = Val(Text3.Text)
KP = VaI(Text4.Te¥t)
KI'#= Val(Text5.Text)
PO = Val(Text6.Text)
stk sk ok o ok ok ok ok 3 o o ok oKk ok ok o ok 3 sk ok ok 38 ok sk o o sk ok K 3 ol e sk e ok Rk ok sk o ok o s ok ok ok ok ke s ok ok
If Dmax = Dmin Then
MsgBox "Dmax equal Dmin", vbOKOnly, "Distance TEMP Error"
End If '
If Dmin > Dmax Then
MsgBox "Warning! Dmin more than Dmax", vbOKOnly, "Distance TEMP Error"
End If
If Val(Text1.Text) > 2500 Then
MsgBox "Error Data TEMP Which Yor want", vbOKOnly, "TEMP Error"
End If

ok b ok ok ok ke ok kK o ok ok e ok ok ok ko ok ok ok ok ok ke ok ok ok ok ke sk sk ok Sk sk ok ok s ok 3k sk ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok ok

If Textl.Text <> "" And Text2.Text <> "" And _
Text3.Text <> "" And Text4.Text <> "" And _
Text5.Text <> "" And Text6.Text <> "" And _
TEMP <= 2500 And TEMP >=0 And _



KP <> 0 And KI <> 0 And Dmax > Dmin Then
Timer2.Enabled = False
NUMBER =0
N=0
If OLDTEMP = 0 Then
START = ((TEMP / 2500) * 255)
START =START *0.3
SEND = (START * 0.3)\ 1
BRM = SEND
MSComm]1.Output = Chr$(BRM)
SEND = (START * 0.4)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START * 0.5)\ 1
BRM = SEND
MSComm1.Output = Chr§(BRM)
SEND =(START *0.6)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START*0.7)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START * 0.8)\ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.9)\ 1
BRM = SEND
MSComm]1.Output = Chr$(BRM)
End If

& 3k ok ok 3k ok 3k ok 3k 3k ok ok 3k ok 3k ok ok ok ok ok %k 3k 3k 3k ok 3k ok e ok ok ok ok 3k 3k ok ok ok ok ok ok ke ke ok ke ke sk sk ok ok sk ok

If OLDTEMP <> 0 Then

© s 3k ok ok ok sk sk ok ok sk e sk sk ok ok ok ok s ok ok ke ke ke ok e ok ok ok sk ok ok sk ok ok ok ok ok ok ok ok ok ok skok sk kokok kok
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If TEMP > OLDTEMP Then
o ok e ok ok ok 3k sk ok sk sk sk sk sk k ok ke sk ke ok e sk ke sk ke sk ok ok sk ok ok sk ok ok sk o ok ok ok sk ok ok ok sk ok ok ok ok ok K
DIFFTEMP = TEMP - OLDTEMP
INC = DIFFTEMP \ 100
RANGE = (INC *0.2)\ 1
BRM = BRM + (RANGE + 0.1)
If BRM > 255 Then
BRM = 255
End If
MSComm1.Qutput = Chr$(BRM)

BRM = BRM -+ (RANGE +0.2)
If BRM > 255 Then

BRM = 255
End If
MSComm!1.Output = Chr$(BRM)
BRM = BRM + (RANGE +0.3)
If BRM > 255 Then

BRM = 255
End IF
MSComml.Output = Chr$(BRM)
BRM = BRM + (RANGE +0.4)
IfBRM > 255 Then

BRM = 255
End If
MSComml.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.5)
If BRM > 255 Then

BRM = 255
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.6)
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If BRM > 255 Then
BRM = 255
End If
MSComm]1.Output = Chr$(BRM)
BRM = BRM + (RANGE + 0.7)
If BRM > 255 Then
BRM = 255
End If
MSComm1.Output = Chr$(BRM)

BRM = BRM + (RANGE + 0.8)
If BRM > 255 Then
BRM =255
End If
MSComml.Output = Chr$(BRM)

&3 e ok ok ok ok ok ok ok ofe ok ok s ok ok Sk s ok sk ok ok sk ok e ok o o ok 3k sk ok sk ok ok ok Sk sk S Sk ke ok o ok ook ok ok ok sk ok ok ok ok ok ko ok Rk

Elself TEMP < OLDTEMP And TEMP <> 0 Then
ok A R o R R o o o o o oo e o SRR o o
DIFFTEMP = OLDTEMP - TEMP
DEC = DIFFTEMP \ 100
RANGE =DEC\8
BRM =BRM - (RANGE * 0.2)
If BRM <0 Then
BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 00.3)
If BRM < 0 Then
BRM =0
End If
MSComm]1.Output = Chr$(BRM)



BRM = BRM - (RANGE * 0.4)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.5)
If BRM < 0 Then

BRM =0
End If

MSComm]1.Qutput = Chr$(BRM)

BRM = BRM - (RANGE * 0.6)
If BRM <0 Then

BRM =0
End If
MSComm1.0utput = Chr$(BRM)
BRM = BRM -(RANGE * 0.7)
If BRM < 0 Then

BRM =0
End If
MSComml.Output = Chr$(BRM)
BRM = BRM = (RANGE * 0.8)
If BRM < 0 Then

BRM =0
End If
MSComm1.Output = Chr$(BRM)
BRM = BRM - (RANGE * 0.9)
If BRM < 0 Then

BRM =0
End If
MSComm]1.Output = Chr$(BRM)
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Elself TEMP = 0 Then
© sk o o s ko o ok s s o oo R R R K K o
SUM =0
PI=0
DE=0
BRM =0
MSComm1.Output = Chr$(BRM)
End If
End If
OLDTEMP = TEMP
Timer2.Enabled = True
End If
End If

End Sub

Public Sub Timer!_Timer()
MSComm].PortOpen = False
MSComm?2.PortOpen = True
MSComm2.Output = Chr${CONDITION)
MSComm?2.PortOpen = False
DELAY =5
Do Until DELAY =0
DELAY =DELAY -1
Loop
CONDITION = 130
MSComm?2.PortOpen = True
MSComm2.Output = Chr$(CONDITION)
MSComm2.PortOpen = False
MSComm1.PortOpen = True
Do Until BACK <= 300
INDATA = MSComm].Input
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DATA ="&H" + INDATA
DSP = Val(DATA)
BACK = (DSP * 2500) / 255

Loop
MSComm]1.PortOpen = False

CONDITION = 128

MSComm2.PortOpen = True
MSComm?2.Output = Chr$(CONDITION)

MSComm?2.PortOpen = False

DELAY =3
Do Until DELAY =0

DELAY =DELAY -1
Loop
MSComm?2.PortOpen = True
MSComm2.Output = Chr$(QUAD)
MSComm2.PortOpen = False

sk sk e ofe ok ok s ok ok ke ok ke ok ke ok s e ok ok ok ok ok ok ok sk ok ok ofe s e 3k e ok ok sk ok sk Sk ok ok ok ok ok ok oK 3 ok ok

‘ START RUNNING
& s e s sk ok s s ok ok ok o ok ok ook ke s sk ok ok o ok ok ok sk ol ok o ok ol ook o ok ok oK ok sk ok ok Sk s s ok ok o o o
MSComm!.PortOpen = True
SUM=0
DE=0
PI=0
BRM =0
OLDTEMP =0
NOTE = "INPUT DATA"
If Textl.Text ="" Then
NOTE =NOTE & " ,TEMP "
End If
1f Text2 Text ="" Then
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NOTE =NOTE & " ,Dmax "
End If
If Text3.Text="" Then
NOTE =NOTE & " ,Dmin "
End If
If Textd. Text="" Then
NOTE=NOTE & " KP"
End If
If Text5.Text =2"Then
NOTE =NOTE & " KI "
End If
If Text6.Text="" Then
NOTE=NOTE &" ,PO"
End If
€ sk sk ke s o o e s o o ok ok o ook e s o sk sk o Sk oo o o R o o R o ok ok o o K ok ko K oK R Sk K
If Textl Text=""Or Text2.Text=""0Or _
Text3.Text="" Or Textd.Text=""0r "
Texthlexti= 1" Qriesierresta" kRN
MsgBox NOTE, vbOKOnly, " DATA CONSTANT "
End If
TEMP = Val(Textl . Text)
Dmax = Val(Text2.Text)
Dmin = Val(Text3.Text)
KP = Val(Text4.Text)
KI= Val(TextS.Texf)
PO = Val(Text6.Text)
& ok ok ok ok ok ok ok ok ok 3 sk ok sk ok sk ok ok o ok ok 3k ok ok sk sk ok s ok e ok gk sk ok ok e sk sk ok ok e e ok 2k ok ke ok e sk ok ok ok ok
If Dmax = Dmin Then
MsgBox "Dmax equal Dmin", vbOKOnly, "Distance TEMP Error"
End If
If Dmin > Dmax Then

MsgBox "Warning! Dmin more than Dmax", vbOKOnly, "Distance TEMP Error"
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End If
If Val(Textl.Text) > 2500 Then
MsgBox "Error Data TEMP Which Yor want", vbOKOnly, "TEMP Error"
End If
€3 ke sk e sk e sk e ok ok ok o ke ok ke ok ke ok ok ok ke sk ok ok sk ok 3k ok sk sk ok ok ok sk 3 3k ok 3k ok 3k 3k sk Sk e ke sk sk sk ok ok ok ok ke
If Textl.Text <> "" And Text2.Text <>"" And _
Text3.Text <> "" And Text4.Text <>"" And _
Text5.Text <> "" And Dmax > Dmin And _
TEMP <= 2500 And TEMP >= 0 And -
KP <> 0 And KI <> 0-And Text6.Text <> "" Then
START = ((TEMP /2500) * 255)
START = START *0.3
SEND = (START * 0.3)\ 1
BRM = SEND
MSComm]1.Output = Chr$(BRM)
SEND = (START * 0.4) \ |
BRM = SEND
MSComm1.Output = Chr${BRM)
SEND = (START *0.5)\ 1
BRM = SEND
MSComml.Output = Chr§(BRM)
SEND = (START *0.6) \ 1
BRM = SEND
MSComm1.Output = Chr§(BRM)
SEND = (START *0.7)\ 1
BRM = SEND
MSComm]1.Output = Chr$(BRM)
SEND = (START * 0.8) \ 1
BRM = SEND
MSComm1.Output = Chr$(BRM)
SEND = (START *0.9)\ 1
BRM = SEND



MSComm1.Output = Chr$(BRM)
End If
Timer2.Enabled = True
Timerl.Enabled = False
End Sub

Private Sub Timer2_Timer()

& 3k 3k ok %k ok ok 3 3k ok ok ok ok ok sk 3k ok ok ok sk ok ok ok ok ok 3k ok ok ok ok ok ok ok o ok ok ok kok ok

* SEND BRM GO TO MCS-51
koo K K R K K K K KK KK R
ERROR: IfN >= 10 Then
BRM = OVER
End If
MSComm1.Output = Chr$(BRM)
NUMBER =0
Label13.Caption = BRM
CODE = Hex$(BRM)
Debug.Print "CODE BRM =" & CODE

& ok sk 3¢ ok ok ok o ok 3k ok ok Sk ek ok ok sk ok 3Kk S Sk 3k ok ok b Sk ok ok 3K K B sk ok e ok sk ok ok ok Sk sk ol sk ok sk ok ok ok

‘ RECEIVE DATA
© ko R KRR 3 o 3K R R SR R R o SR AR SRR ko ke ke
MSComm]1.InBufferCount = 0
Do
NUMBER = NUMBER + 1
Loop Until MSComm1.InBufferCount >= 2 Or NUMBER >= 300
If NUMBER >= 300 Then
GoTo ERROR
End If
INDATA = MSComm1.Input
DATA ="&h" + INDATA
DSP = Val(DATA)
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Labell1.Caption = DSP

€k s o s s o ok ok e e e s o ok ok sk s o e e s o sk ok ok e ke o o o s o s ok ok ok ko ok ok ok ok

BACK = (DSP * 2500) / 255
Label12.Caption = BACK
€ ok ok ok ok ok ok ok 3k sk sk ok ok ok 3k sk ok ok ok ok 3k sk ke 3k Sk sk ok ok sk ok ok ok ok ok ok ok ok ok ok ok ks ok
If TEMP >= 2480 Then
If DSP = 255 Then
N=N+1
End If
End If
If N > 100 Then
N=15
End If

& ok b 2k ke e ke ke ok ke ke Sk ok ok ok ok ok 3¢ ok ok Sk 3k 3 ok ok ok sk ok sk ol ok ok ok ok kR ok

* CALCULATE PI1

S ok ok ok ok ok ok ok ok ok ok ok 3k ok ok o ok ok ok 3k s 3k o ok ok 3 3K 3k ok sk ok ok ok ok ok ok ok

If Dmax > Dmin And Dmax <> Dmin And

TEMP <= 2500 And TEMP >= 0 And _
KP <> 0 And KI <> 0 Then

Diff = Dmax - Dmin

DV =(DSP * 2500)/ 255

DE = (TEMP - DV) / Diff

PO =0

SUM = SUM + DE

Label14.Caption = SUM

PI = (KP * DE) + (KP * KI * SUM) + PO

If DIFFTEMP > 1200 Then
If PI <0 Then
SUM =0
DE=0
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PI=0
End If
End If
Label15.Caption = PI
End If

€ e ok sk e e 3k ok ok ke ke ok e ok ok ok sk e ke sk ok ok ok ok e sk ke ok ook ke Skt ok sk ok sk ok ok sk ok kR k ok ok

If (PI >= 0 And PI <= 255) Then
BRM =PI\ 1
End If
If (P1 > 255) Then
BRM = 255
End If
If (P1 < 0) Then
BRM =0

End If

& s sk ke ok sk ok sk ok ok ok ok 3Kk sk e sk ol sk ke ok sk ok sk sk ok ok ok ok ok o ok oK ok sk ok sk ok ok ok sk ok ok ok ke ok

End Sub

IfN'=5 Then
OVER =BRM
End If

Public Sub HSerolll Change()

End Sub

Textl.Text = Format(HScrolll,Value, "####")

Public Sub Textl Change()

End Sub

If Val(Text1.Text) > 2500 Then

MsgBox "Error Data TEMP Which You Want", voOKOnly, "TEMP Error"
Else

HScrolll.Value = Val(Textl.Text)
End If
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IGBT MODULE

Silicon N-channel IGBT

Unit in mm
4
4-Fast-
FEATURES 80 Tominal
M5 AT Ve | #110
* High speed and low saturation voltage. 2456 | (N O e e
- - - . i B . (rgr
* low noise due to built-in free-wheeling : HE |76 © EI-E e
diode - ultra soft fast recovery diode(USFD). Lspai L o)
; J 2.2
* Isolated head sink (terminal to base). BT
" r--'N
< o 1 o 0 e
g y i B
e :
w
I —_g;‘f;:‘;
%} L]P;\ B 1
—
[wmgm: 200 (g) TERMINALS
ABSOLUTE MAXIMUM RATINGS (Tc=25°C )
Iltem Symbol Unit MBM100GS12AW
Collector Emitter Voltage Vces Vv 1,200
Gate Emitter Voltage VeEs vV +20
Collector Current DC lc A 100
1ms l,gp 200
Forward Current DC I¢ A 100 (1)
ms 1Em 200
Collector Power Dissipation Pc W 600
Junction Temperature Tj Lt -40 ~ +150
Storage Temperature Tag i, 5 <40 ~ +125
Isolation Voltage Viso Vems 2,500(AC 1 minute)
Screw Torque [Terminals N.m 1.96(20) (2)
IMounting . (kgf.cm) 1.96(20) (3)
Notes:(1)RMS Current of Diode 30Arms max,
(2)(3)Recommended Value 1.67N.m(17kgf.cm)
CHARACTERISTICS (Tc=25°C)
Item Symbol | Unit. | Min. | Typ. | Max. Test Conditions
Collector Emitter Cut-Off Current lees mA . - 1.0° |Vce=1,200V,Vge=0V
Gate Emitter Leakage Current Ices nA - - 1500 |Vge=+20V,Vce=0V
Collector Emitter Saturation Voltage VcE(sat) V - 2.7 3.4 |lc=100A,Vge=15V
Gate Emitter Threshold Voltage Veero) Vv - - 10 |Vce=5V, Ic =100mA
Input Capacitance Cies pF - 9,500 - |Vee=10V,Vge=0V,f=1MHz
Rise Time tr - 0.2 | 0.35 [Vcc=600V
Switching Times Turn On Time ton us - 0.35 | 0.55 [RL=6.002
Fall Time tr 0.25 | 0.35 |Rc=120 (4)
Turn Off Time torr 0.55 0.9 [Vee=+15V
Peak Forward Voltage Drop VEm \ - 2.5 3.5 |lr=100A,Vce=0V
Reverse Recovery Time ter us - - 0.35_|le=100A,Vee=-10V, di/dt=200A/us
Thermal Impedance |IGBT Rth(j-c) | °C/w - B 0.21 Junction to case
FWD Rth(j-c) - - 0.5

Notes:(4) Rc value is the test condition’s value for decision of the switching times, not recommended value.
Determine the suitable Re value after the measurement of switching waveforms
(overshoot voltage,etc.)with appliance mounted.
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Forward Voltage, VF (V)
Forward voltage of free-wheeling diode
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TOSHIBA PHOTOCOUPLER

SEMICONDUCTOR

TLP250
rOSHIBA
TECHNICAL DATA GaAftAs IRED & PHOTO-IC
{TLP250)
TRANSISTOR INVERTER Unit in mm
INVERTER FOR AIR CONDITIONOR
IGBT GATE DRIVE
POWER MOS FET GATE DRIVE
. : ; S sy 4 e
The Toshiba TLP250 consists of a GaA€fAs light emitting diode and
a integrated photodetector. g
This unit is 8-lead DIP package. a
TLP250 is suitable for gate driving circuit of IGBT or power MOS CARLE R
FET.
o Input Threshold Current : Ip=5mA (Max.)
e  Supply Current(Igc) : 11mA (Max.) 7 ﬁ i
e  Supply Voltage (Vo) : 10-85V
e  Output Current(Ig) + +0.5A (Min.) 'H_;. exdin -
e  Switching Time (tpL H/tpHL) : 0.5us (Max.) |
e Isolation Voltage ;' 2500V s (Min.) o AREZHT S
¢ UL Recognized : UL1577, File NoEG67349
e  Option (D4) type
VDE Approved : DIN VDEO0884/06.92, Certificate No.76823
Maximum Operating Insulation Voltage : 630Vpg
i o JEDEC -
Highest Permissible Over Voltage : 4000VPK T
(Note) When a VDEO0884 approved type is needed, ‘ =
please designate the “Option (D4)" TOSEIBA 11.10C%

Weight : 0.54g

® Creepage Distance : 6.4mm (Min.)
Clearance : 6.4mm (Min.)
SCHMATIC PIN CONFIGURATION (TOP VIEW)
Icc
10 s
2 E} 17
e
-
3L if:
4[] 5
17 N,
A 0.1uF bypass capcitor must be 5 2 : ANODE
connected between pin 8 and 5 (See more 6). 8 : CATHODE
4+ NLC.
TRUTH TABLE 5 : GND
T 2No
LED |OFF| OFF ON
o T o e s o S Vo A P T, 1 TLP2o0 -1
No license s granted by or under any property or other rights of TOSHIBA CORPORATION or others. Q 1996 -4-8
g1m-m»mmmmm=uhzwu loftice
o eogr el aroglee s ey S o o ..."'.Z'..‘?...,"“'....‘J“m. .mm.mu.‘.“"m ey bt TOSHIBA CORPORATION
ot limited 10 such uhes as atomic energy control, mirplane of spaceship imtrumentation, Lraflic signah, medical instrumentation. combustion
mmul mmanl«.m m!mmm-dmﬂmhﬂmlwmim-”nmmmum(uw
OSHIBA products are used in such equipment of applications without prior consultation with TOSHIBA.
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SEMICONDUCTOR

rOSHIBA p
TECHNICAL DATA
(TLP250)
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Forward Current I 20 mA
o |Forward Current Derating (Ta= 70°C) Alp/ATa —-0.36 mA/°C
ﬁ Peak Transient Forward Curent (Note 1) IFpT 1 A
Reverse Voltage VR 5 A4
Junction Temperature (T}) 125 °C
“H” Peak Output Current (Pw=2.5us, f=16kHZ)Note 2) lopH -1.5 A
“L” Peak Output Current (Pw= 2.5us, f<15kHZ)(Note 2) IoPL_ +1.5 A
m 0,
E Output Voltage g‘:i ;g"g; Vo :i
E Supply Voltage ((::i :g"g: Vco 322 v
A [Output Voltage Derating (Ta= 70°C) AVQ/4Ta —0.73 V/°C
Supply Voltage Derating(Ta= 70°C) : AV ATa —-0.73 ¥/°C
Junction Temperature (Ty) 125 °C
Operating Frequency (Note 3) ' 25 kHz
Operating Temperature Range ) f Topr —20~70 °C
Storage Temperature Range Tste —55~125 T
Lead Solder Temperature (10s) Tsol 260 °C
Isolation Voltage (AC, 1min., RH.=60%, Ta=25°C) (Note 4) BVg 2500 Vrms

Note 1 : Pulse width Py =1us, 800pps

Note 2 : Exporenential Wavefom

Note 3 : Exporenential Wavefom, Iopg= —1.0A(S2.5u3), IopL= + 1.0A (= 2.549)

Note 4 : Device considerd a two terminal device : pins 1,2,3 and 4 shorted together, and pins 5, 6,
7 and 8 shorted together.

Note 5 : A ceramic capacitor (0.14F) should be connected from pin 8 to pin 5 to stabilize the
operation of the high gain linear amplifier. Failure to provide the bypassing may impair
the switching proparty. The total lead length between capacitor and coupler should not
exceed lem.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL MIN.] | TYP: MAX. UNIT

Input Current, ON IF (ON) i 8 10 mA

Input Voltage, OFF VF (OFF) 0 — 0.8 \'

Supply Voltage Ve 15 s 30 | 20 v

Peak Output Current IopH/IOPL -— — $0.5 A

Operating Temperature Tope —20 25 70 | 85 5 i
TLP250 -2
1996-4-8
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SEMICONDUCTOR

TLP250
OSHIBA
TECHNICAL DATA

(TLP250)
ELECTRICAL CHARACTERISTICS (Ta = - 20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. [TYP.* | MAX. | UNIT
CUIT
Input Forward Voltage Vg — [p=10mA, Ta=25C 16| 18 v
Temperature Coefficient of % 0! =
Forward Voltage AVF/ATa| — [IF=10mA s -20| — |mVv/°C
Input Reverse Current Ig — [VR=5V, Ta=25°C — 10 | pA
Input Capacitance - Cp — V=0, f=1MHz, Ta=25°C — 45| 250 | pF
IF =10mA
“H” Level | IopH 3 =06 | ~16| =—
Output Current Vec=30v Ve-g=4vV A
“L” Level | I ~E (=0 0.5 2
L Leve! OPL v&5=2-5v . -
Veelr= =_
Foflevel| Vo - A7 PEBEZHEVCINEISSUTL (g | 128N
Output Voltage VL +£5§ 3 =y A%
” CC1= TA0V, ¥EE1= <
“L"” Level VOL, 5 Ry, =2000, Vi=0.8V — |=14.2|-12,5
Veo=30V, Ip=10mA 7
“H” Level | ICCH ~ [fa=26°C
Supply Current Y = Spyate = 1A o - 5 | mA
Voo=30V, Ip=0mA 7k ‘
“L” Level | IoCL — [Ma=26°C d
Vgo=380V, Ip=0mA - — 11
Threshold Input |“Output Voe1=+16V, VEr1=-15V
Current L—m | FLE | = Rr 20000, V>0V VNPl e
Threshold Input |“Output v - cc1=+15V, Vgg1=-15V 08
Voltage H—17 | ' FHL Ry, =2000, Vo <0V : pe) Sy
Supply Voltage Voo - 10 - 35
Capacitance Vg=0, f=1MHz
(Input-Output) Cs T fra=25°C = > g0 oF
: Vs =500V, Ta=25"C (| LA
Resistance (Input-Output) Rg ~ RH.<60% 5% 10 10 - 0

* All typical values are at Ta=25°C (*1) : Duration of I time=50us

TLP250-3

1996-4-8
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SEMICONDUCTOR

TOSHIBA

TLP250

TECHNICAL DATA

(TLP250)

SWITCHING CHARACTERISTICS (Ta = - 20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. |TYP.* | MAX. | UNIT
CUIT
Propagation | ¥t - toLH Tp=8mA — 0156 | 0.5
lay Ti s e
Delay Time H—L tpHL 8 [Vooi=+16V, Vegi=—16V 0.15 | 0.5 o
Output Rise Time ty e e — -
Output Fall Time te L= 7 e _—
Common Mode Transient
: ; VoM =600V, Ip=8mA
Immunity at High Level CMu 7 5 -6000| - - |V/ius
Output Voo=80V, Ta=25°C
Common Mode Transient
Immunity at Low Level CML 7 gCM_‘:(?gV:IA:E;g%A 5000 - - Vi
Output o e s
* All typical values are at Ta=25°C
TLP250-4
1996-4-8

TOSHIBA CORPORATION
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SEMICONDUCTOR

TLP250
rTOSHIBA
TECHNICAL DATA
(TLP250)
TEST CIRCUIT 1 : TEST CIRCUIT 2 : IOPL
8
1[] s 1]
i [ [row
v
[ ] [ Ho 4+
I
4 s ni vy Ve i
77 ll 7
TEST CIRCUIT 3 : IOPH TEST CIRCUIT 4 : VOH
8 8
U 20 £ ) ey = |
] 5 0.14F S : ] 0.14F T e
Ip Vg-6 Iy R
— }—@J_, iz
: v
o IoPH 4L‘ H oH 3
-VEEI
TEST CIRCUIT 5 : Vg
8
1[] ig J_
—1 ] T 01uF LVCC1
VoL
4 1+
=4 rh
T VEE1
TLP250-5
1996-4-8

TOSHIBA CORPORATION
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SEMICONDUCTOR TLP250
rOSHIBA
TECHNICAL DATA
{TLP250)
TEST CIRCUIT 6 : tpLH, tpHL tr tf
1 - 5 L——-t
_r-LIF 0 1,(1F VCCl f o -
s [ ——VoH 80%
]_ Xarrh i, | oo GND
V1, 80%
10003 [ T+ | tprm || tpHL
TEST CIRCUIT 7 : CpH. CML
8
1[ ig
sw IE 0.1uF
ey 17 1Vee
Ao'oB N
_E [H—Vo
«[] 1
VM 2
N2 %
_ 600V
Yort 90%
10% 480 (V)
t _ A80V)
N 29 CML = "¢ (us)
SW : A (Ip=8maA) : 4800Y).
v . ME:= " (as)
° nr
CHL
SW : B(Irp=0)

CM1, (CMH) is the maximum rate of rise (fall) of the common mode voltage that can be

sustained with the output voltage in the low (high) state.

TLP250 - 6

1996-4-8
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SEMICONDUCTOR
rOSHIBA b
TECHNICAL DATA
(TLP250)
Ir - Vp AVRp/ATa - Ip
100 -26
Ta=25°C — -~
- 3
3 S 2 g
10 S8
B &
- 5 7 E48 -22
8 7 g [
1 §£ -2.0 o
0.5} s
04 1 SE s
g 3
0.08 L1
0.08 v é
0015 12 14 1.6 18 2.0 b 03 05 1 3 10 30
FORWARD VOLTAGE Vg (V) FORWARD CURRENT Ip (mA)
Ip - Ta Veg = Ta
40 i
: 8
s 30 5 30 N
3 2 AN
+ 2 |
o 20 e
s §
5 10 - mL
3 2
; :
. 0 20 40 60 B0 100 4 0 20 a0 60 B0 100
AMBIENT TEMPERATURE Ta ('0) AMBIENT TEMPERATURE Ta (°C)
IopH. IoPL, — Ta
§ p:wsis,u'. 15 15KHz
5 2
o
£ S
S8
2
EE
3.9
3
0
0 20 a0 60 80 100
AMBIENT TEMPERATURE Ta (°C)
TLP250 - 7*
1996-4-8
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Monolithic Thermocouple Amplifiers
with Cold Junction Compensation

AD594/AD395

FEATURES
Pretrimmed for Type J (AD594) or

Type K (AD595) Thermocouples
Can Be Used with Type T Thermocouple Inputs
Low Impedance Voltage Output: 10 mV/°C
Built-In Ice Point Compensation
Wide Power Supply Range: +5 V to £15V
Low Power: <1 mW typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Setpoint Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential Input
Side-Brazed DIP or Low Cost Cerdip

PRODUCT DESCRIPTION

The AD594/AD595 is a complete instrumentation amplifier and
thermocouple cold junction compensator on a monolithic chip.
It combines an ice point reference with a precalibrated amplifier
to produce a high level (10 mV/°C) output directly from a ther-
mocouple signal. Pin-strapping options allow it to be used as a
linear amplifier-compensator or as a switched output setpoint
controller using either fixed or remote setpoint control. It can
be used to amplify its compensation voltage directly, thereby
converting it to a stand-alone Celsius transducer with a low
impedance voltage output.

The AD594/AD595 includes a thermocouple failure alarm that
indicates if one or both thermocouple leads become open. The
alarm output has a flexible format which includes TTL drive
capability.

The AD594/AD595 can be powered from a single ended supply
(including 45 V) and by including a negative supply, tempera-
tures below 0°C can be measured. To minimize self-hearting, an
unloaded AD594/AD595 will typically operate with a total sup-
ply current 160 pA, but is also capable of delivering in excess of
15 mA to a load.

The AD594 is precalibrated by laser wafer trimming to match
the characteristic of type J (iron-constantan) thermocouples and
the AD595 is laser trimmed for type K (chromel-alumel) inputs.
The temperature transducer voltages and gain control resistors

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

~IN =ALM +ALM V4 comp  vo FB

[a] (3] [521 [51] [s0] [e] [e]

OVERLOAD
DETECT

AAN

o f
< T:___- comp, |=TC
=l
(=] S
pol T2y [a] [ Nsl el [z
+IN +C T COM . T - V-

are available at the package pins so that the circuit can be
recalibrated for the thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

The AD594/AD595 is available in two performance grades. The
C and the A versions have calibration accuracies of £ 1°C and
+3°C, respectively. Both are designed to be used from 0°C to
+50°C, and are available in 14-pin, hermetically sealed, side-
brazed ceramic DIPs as well as low cost cerdip packages.

PRODUCT HIGHLIGHTS
1. The AD594/AD595 provides cold junction compensation,
amplification, and an outpur buffer in a single IC package.

2. Compensation; zero, and scale factor are all precalibrated by
lagser wafer trimming (LWT) of each IC chip.

3. Flexible pinout provides for operation as a setpoint control-
ler or a stand-alone temperature transducer calibrated in
degrees Celsius.

4. Operation at remote application sites is facilitated by low
guiescent current and a wide supply voltage range +5 V to
dual supplies spanning 30 V.

5. Differential input rejects common-mode noise voltage on the
thermocouple leads.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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AD594/AD595—SPECIFICATIONS t-simaminas ™ > 1

ADS94A AD59%4C ADS9SA AD3595C
Min Typ  Max Min Typ  Max Min Typ  Max Min Typ  Max Units
ABSOLUTE MAXIMUM RATING
+Vg 10 -Vg 36 36 36 36 Volts
Common-Mode Input Volage Vg - 0.15 +Vg V- 0.15 +Vg -Vg-0.15 +Vg ~Vs-0.15 +Vg Volis
Differential Input Voltage -Vs +Vs ~Vg +Vs Vs +Vg Vs +Vy Volts
Alarm Voltages
+ALM -Vy ~Vg+36 | Vg Vs+36 |-Vs “Vx+ 36 | -Vy Vg + 36 Volts
-ALM -V +Vs Vg +Vyg -Vy +Vy -V +Vy Volts
Operating Temperature Range -55 +125 -55 +125 -55 +125 -55 +125 b 5
ircui | Indefinite Indefinite Indefini Indefinite
TEMPERATURE MEASUREMENT
(Specified Temperature Range
0°C to +50°C)
Calibration Error at +25°C' %3 %1 %3 %1 b *
Stability vs. Temperature? *0.05 +0.025 +0.05 +0.025 ‘cre
Gain Error =15 20,75 &1.5 +0.75 %
i 10 10 10 10 mVIrC
AMPLIFIER CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 2473 2473
Input Offset Voltage (Temperature in °C) x (Temperature.in °C) x (Temperature in °C) x (Temperature in °C) x
51.70uvreC 51,70 pw/°C 40.44 V-G 40.44 pvrC uv
Input Bias Current 0.1 0.1 Q.1 0.1 pA
Differential Input Range =10 +50 -10 +50 ~10 +50 mV
Common-Mode Range =Vg - 0.15 ~Vg~4 =Vg~0.15 Vs -4 Vs =015 “Vg-4 V=015 =Vs-4 Volis
Common-Mode Sensitivity - RTO 10 10 10 10 mV/V
Power Supply Sensitivity - RTO 10 10 10 10 mV/iV
Qutput Voltage Range
Dual Supply V5 +2.5 +Vg=2 Vg +2.5 +Vg=2 |[=Vg+25 +Vg-2 | -Vg+25§ +Vg=2 Volts
Single Supply 0 4+Vg-2 0 ~Vg-2 0 +Vg+2 {0 +Vg-2 Volts
Usable Output Current” £5 x5 15 5 mA
3 dB Bandwidth 15 15 13 15 kHz
ALARM CHARACTERISTICS
Veggsary 8t 2 mA 0.3 03 0.3 0.3 Volts
Leakage Current *1 =t 3 4 =1 PA maz
Operating Voltage a1 - ALM +Vs-4 +V5-4 V-4 4Vs-4 Volts
—Short Circuit Current 20 20 20 20 mA__
POWER REQUIREMENTS
Specified Performance +Vy=5-Vs=0 +Vg=5,-Vs =0 4Vg=5,-Vg=0 +Vy=5,-Vg=0 Volts
Operating® +Vgt0-Vs < 30 +Vgto ~Vs <30 +Vto -Vg$30 +Vg 1o -Vg € 30 Volts
Quiescent Current (No Load) !
+Vs 160 300 160 300 160 300 160 300 HA
=V 100 100 100 100 pA
PACKAGE OPTION
TO-116 (D-14) AD39%4AD AD594CD AD3S95AD ADS95CD
Cerdip (Q-14) AD394AQ AD594CQ ADS95AQ AD595CQ
NOTES

ICalibrated for minimum error a1 +25°C using a thermocouple semsitivity of 51.7 IVPC, Since a | type thermocouple devistes from this surmight line approximation, the AD594 will normally
read 3.1 mV when the measuring junction is 2t 0°C. The AD595 will similarly read 2.7 mV a1 0°C.
Defined as the slope of the line connecting the AD594/AD595 errors measured at 0°C and 50°C ambient temperature.

*Pin 8 shorted to Pin 9.

4Current Sink Capability in single supply configuration is limited to current drawn to ground through 2 50 k) resistor at ourput voltages below 2.5V.

-V must not exceed -16.5 V.

Specifications shown in boldface are tested on all production units a final electrical test. Results from thoge tests are used to calculate outgoing quality levels. All min and max specifications

are guaranteed, although only those shown in boldface are tested on all production units,
Specifications subject to change without notice.

INTERPRETING AD594/AD595 OUTPUT VOLTAGES

To achieve a temperature proportional output of 10 mV/C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the AD594/AD595 is gain trimmed
to match the transfer characteristic of J and K type thermocouples
at 25°C. For a type J output in this temperature range the TC is
51.70 pV/°C, while for a type K it is 40.44 uV/°C. The resulting
gain for the AD594 is 193.4 (10 mV/°C divided by 51.7 pV/°C)
and for the AD595 is 247.3 (10 mV/°C divided by 40.44 pv/°C).
In addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16 uV for the AD594 and
11 pV for the AD595. This offset arises because the AD594/
ADS595 is trimmed for a 250 mV output while applying a 25°C
thermocouple input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the

compensated signal, the following transfer functions should be
used to determine the actual output voltages:

AD594 output = (Type J Voltage + 16 uV) x 193.4
AD595 output = (Type K Voltage + 11 WV) x 247.3 or conversely:
Type J voltage = (AD594 output/193.4) - 16 pV/

Type K voltage = (AD595 output/247.3) - 11 pV

Table I lists the ideal AD594/AD595 output voltages as a func-
tion of Celsius temperature for type ] and K ANSI standard
thermocouples, with the package and reference junction at
25°C. As is normally the case, these outputs are subject to cali-
bration, gain and temperature sensitivity errors. Output values
for intermediate temperatures can be interpolated, or calculated
using the output equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius. Due to a slight variation
in alloy content between ANSI type ] and DIN FE-CUNI

REV.C
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Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C,Vg=-5V,+15V)
Thermocouple Type] AD59%4 Type K AD595 Thermocouple Type ] ADS59%4 Type K ADS595
Temperature Voltage Output Voltage Qutput Temperature Yoltage Output Voltage Qutput
he o mV mV mV mV b mV mV mV mV
-200 -7.890 -1523 -5.891 -1454 500 27.388 5300 20.640 5107
-180 -7.402 -1428 -5.550 -1370 520 28.511 5517 21.493 5318
-160 -6.821 -1316 -5.141 -1269 540 29.642 5736 22.346 5529
-140 -6.159 -1188 -4.669 -1152 560 30.782 5956 23.198 5740
-120 -5.426 ~1046 -4.138 -1021 580 31.933 6179 24.050 5950
-100 -4.632 893 3.553 -876 600 33.096 6404 24,902 6161
-80 -3,785 -729 -2.920 -719 620 34.273 6632 25.751 6371
=60 -2.892 556 -2.243 -552 640 35.464 6862 26.599 6581
-40 -1.960 -376 ~1.527 =375 660 36.671 7095 27.445 6790
-20 995 189 a77 -189 680 37.89% 7332 28.288 6998
=10 ~.501 =94 -.392 -94 700 39.130 7571 29.128 7206
0 0 3.1 0 27 720 40.382 7813 29.965 7413
10 507 101 397 101 740 41.647 8058 30.799 7619
20 1.019 200 798 200 750 42.283 8181 31.214 7722
25 1.277 250 1.000 250 760 - - 31.629 7825
30 1.536 300 1,203 300 780 - - 32.455 8029
40 2,058 401 1.611 401 800 - - 33.277 8232
50 2,585 503 2.022 503 820 = = 34.095 8434
60 3115 606 2.436 605 840 - - 34.909 8636
80 4.186 813 3.266 810 860 - - 35.718 8836
100 5.268 1022 4.095 1015 880 - 36.524 9035
120 6.359 1233 4.919 1219 900 -~ - 37.325 9233
140 7.457 1445 5.733 1420 920 - - 38.122 9430
160 8.560 1659 6.539 1620 940" - = 38915 9626
180 9.667 1873 7.338 1817 960 - - 39.703 9821
200 10.777 2087 8.137 2015 980 = - 40.488 10015
220 11.887 2302 8.938 2213 1000 = - 41.269 10209
240 12.998 2517 0.745 2413 1020 - - 42.045 10400
260 14.108 2732 10.560 2614 1040 - - 42,817 10591
280 15.217 2946 11,381 2817 1060 - - 43.585 10781
300 16.325 3160 12.207 3022 1080 - - 44.439 10970
320 17.432 3374 13.039 n2zn 1100 - - 45.108 11158
340 18.537 3588 13.874 3434 1120 = - 45.863 11345
360 19.640 3801 14712 3641 1140 - - 46.612 11530
380 20.743 4015 15.552 3849 1160 - - 47.356 11714
400 21.846 4228 16:395 4057 1180 = - 48.095 11897
420 22.949 4441 17.241 4266 1200 - - 48.828 12078
440 24.054 4655 18,088 4476 1220 - - 49,555 12258
460 25.161 4869 18.938 4686 1240 = - 50.276 12436
480 26.272 5084 19.788 4896 1250 - - 50.633 12524

thermocouples Table I should not be used in conjunction with
European standard thermocouples. Instead the transfer function
given previously and a DIN thermocouple table should be used.
ANSI type K and DIN NICR-NI thermocouples are composed

CONSTANTAN =
(ALUMEL) 10mvV/°C
Lo G2 G Lo GA r3l
OVERLOAD
3
ADS594/
N AD595 b
) o<
! T
[
IRON
L(cﬂnoueu _‘_f Ll Ll ‘T' Gl L
ooy AP SRS
T COMMON

Figure 1. Basic Connection, Single Supply Operation

of identical alloys and exhibit similar behavior. The upper tem-
perature limits in Table I are those recommended for type J and
type K thermocouples by the majority of vendors.

REV.C

SINGLE AND DUAL SUPPLY CONNECTIONS

The AD594/AD595 is a completely self-contained thermocouple
conditioner, Using a single +5 V supply the interconnections
shown'in Figure 1 will provide a direct output from a type J
thermocouple (AD594) or type K thermocouple (AD595) mea-
suring from 0°C to +300°C.

Any convenient supply voltage from +5 V to +30 V may be
used, with self-heating errors being minimized at lower supply
levels. In the single supply configuration the +5 V supply con-
nects to Pin 11 with the V- connection at Pin 7 strapped to
power and signal common at Pin 4. The thermocouple wire in-
puts connect to Pins 1 and 14 either directly from the measuring
point or through intervening connections of similar thermo-
couple wire type. When the alarm output at Pin 13 is not used it
should be connected to common or —V. The precalibrated feed-
back network at Pin 8 is tied to the output at Pin 9 to provide a
10 mV/°C nominal temperature transfer characteristic.

By using a wider ranging dual supply, as shown in Figure 2, the
AD594/AD595 can be interfaced to thermocouples measuring
both negative and extended positive temperatures.

-3



AD394/AD393

CONSTANTAN
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+5V TO +30V
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Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative tem-
peratures and drive grounded loads or loads returned to positive
voltages. Increasing the positive supply from 5 V t0.15 Vex-
tends the output voltage range well beyond the 750°C
temperature limit recommended for type J thermocouples
(AD594) and the 1250°C for type K thermocouples (AD3595).

Common-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/AD3595, with-a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that common-mode voltages induced
in the thermocouple loop are not converted to normal mode.

THERMOCOUPLE CONNECTIONS

The isothermal terminating connections of a pair of thermo-
couple wires forms an effective reference junction. This junction
must be kept at the same temperature as the AD594/AD595 for
the internal cold junction compensation to be effective.

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

4

IRON 4 CONSTANTAN
(ALUMEL)

L L
COMMON ~ -T - W Wy e

Figure 3. PCB Connections

Here the AD594/AD595 package temperature and circuit board
are thermally contacted in the copper printed circuit board
tracks under Pins 1 and 14. The reference junction is now com-
posed of a copper-constantan (or copper-alumel) connection
and copper-iron (or copper-chromel) connection, both of which
are at the same temperature as the AD594/AD595.
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The printed circuit board layout shown also provides for place-
ment of optional alarm load resistors, recalibration resistors and
a compensation capacitor to limit bandwidth.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to soldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION

The AD594 behaves like two differential amplifiers. The out-
puts are summed and used to control a high gain amplifier, as
shown in Figure 4.

ICE
Ara— POINT
i 'rt:_l‘* COMP, |=TC
¥
|
r_____]

L T2l Te] Tad [sT [l [z]
+N

+C +T com =T -C V-
Figure 4. AD594/AD595 Block Diagram

In normal operation the main amplifier output, at Pin 9, is con-
nected to the feedback network, at Pin 8. Thermocouple signals
applied to the floating input stage, at Pins 1 and 14, are ampli-
fied by gain G of the differential amplifier and are then further
amplified by gain A in the main amplifier. The output of the
main amplifier is fed back to a second differential stage in an in-
verting connection, The feedback signal is amplified by this
stage and is also applied to the main amplifier input through a
summing circuit. Because of the inversion, the amplifier causes
the feedback to be driven to reduce this difference signal to a
small value. The two differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied to the right-hand differential amplifier will pre-
cisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback network is trim-
med so that the effective gain to the output, at Pins 8 and 9, re-
sults in-a voltage of 10 mV/°C of thermocouple excitation.

In addirtion to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/AD595. This signal disturbs the dif-
ferential input so that the amplifier output must adjust to restore
the input to equal the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10 mVPC. As a
result, the compensation voltage adds to the effect of the ther-
mocouple voltage a signal directly proportional to the difference
between 0°C and the AD594/AD595 temperature. If the thermo-
couple reference junction is maintained at the AD594/AD595
temperature, the output of the AD594/AD595 will correspond
to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an ice bath.
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The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point com-
pensation and recalibrate the AD594/AD595 as described in the
next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor between Pins 5 and 9. External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD594/
AD595 to operate in a switching mode for setpoint operation.

CAUTIONS:

The temperature compensation terminals (+C and =C) at Pins 2
and 6 are provided to supply small calibration currents only. The
AD594/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD394/AD595 is internally frequency compensated for feed-
back ratios (corresponding to normal signal gain) of 75 or more.
If a lower gain is desired, additional frequency compensation
should be added in the form of a 300 pF capacitor from Pin 10
to the output at Pin 9. As shown in Figure 5 an additional 0.01 pF
capacitor between Pins 10 and 11 is recommended.

Figure 5. Low Gain Frequency Compensation

RECALIBRATION PRINCIPLES AND LIMITATIONS

The ice point compensation network of the AD594/AD595
produces a differential signal which is zero at 0°C and corre-
sponds to the output of an ice referenced thermocouple at the
temperature of the chip. The positive TC output of the circuit is
proportional to Kelvin temperature and appears as a voltage at
+T. It is possible to decrease this signal by loading it with a
resistor from +T to COM, or increase it with a pull-up resistor
from +T to the larger positive TC voltage at +C. Note that
adjustments to +T should be made by measuring the voltage which
tracks it at =T To avoid destabilizing the feedback amplifier the
measuring instrument should be isolated by a few thousand
ohms in series with the lead connected to -T.

"“ AD594/ 7 ‘
N ADS595
com (a)

Boes %
vo

Figure 6. Decreased Sensitivity Adjustment

-1

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the nega-
tive input of the feedback amplifier, the -T pin. A current into
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this terminal can be produced with a resistor between -C and
~T to balance an increase in +T, or a resistor from -T to COM
to offset a decrease in +T.

If the compensation is adjusted substantially to accommodate a
different therinocouple type, its effect on the final output volt-
age will increase or decrease in proportion. To restore the
nominal output to 10 mV/C the gain may be adjusted to match
the new compensation and thermocouple input characteristics.
When reducing the compensation the resistance between -T
and COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the nominal
47 kQ internal feedback resistor can be paralleled or replaced
with an external resistor.

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a reférence. It should be noted that inter-
mediate recalibration conditions may require the use of a
negative supply.

EXAMPLE: TYPE E RECALIBRATION—ADS94/AD595
Both the AD594 and AD595 can be configured to condition the
output of a type E (chromel-constantan) thermocouple. Tem-
perature characteristics of type E thermocouples differ less from
type J; than from type K, therefore the AD394 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common-mode potential) and connecting FB to VO. The AD594
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output VO
is 240 mV. Check the output at VO to verify that it corresponds
to the temperature of the device.

Next, measure the voltage —T at Pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the -T voltage
will be about 8.3 mV. To adjust the compensation of an AD594
to atype E thermocouple a resistor, R1, should be connected
between +T and +C, Pins 2 and 3, to raise the voltage at -T by
the ratio of thermocouple sensitivities. The ratio for converting a
type J device to a type E characteristic is:

r (AD594) =(60.9 uV/°C)/(51.7 uVI°C)= 1.18

Thus, multiply the initial voltage measured at —T by r and ex-
perimentally determine the R1 value required to raise ~T to that
level. For the example the new -T voltage should be about 9.8 mV.
The resistance value should be approximately 1.8 kQ.

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
VO by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between -C and -T,
Pins 5 and 6. The target output value in this case should be
about 283 mV. The resistance value of R2 should be approxi-
mately 240 kQ.

Finally, the gain must be recalibrated such that the output VO
indicates the device’s temperature once again. Do this by adding
a third resistor, R3, between FB and - T, Pins 8 and 5. VO should
now be back to the initial 240 mV reading. The resistance value
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of R3 should be approximately 280 kQ. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

. +IN com(4)
@ -IN +T
AD594/ ‘ m
AD595 +C

-
(9)vo R2
.0 F8 T O‘

Ve

R3
Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
AD595 the values for R1, R2, R3 and r will be approximately
650 Q, 84 kQ, 93 kQ and 1.51, respectively. Power consump-
tion will increase by about 50% when using the AD595 with
type E inputs.

Note that during this procedure it is crucial to maintain the
AD594/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools nor at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering iron
must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0°C to +50°C
range between type K and type T thermocouples, the AD595
can be directly used with both types of inputs. Within this ambi-
ent temperature range the AD595 should exhibit no more than
an additional 0.2°C output calibration error when used with
type T inputs. The error arises because the ice point compensa-
tor is trimmed to type K characteristics at 25°C. To calculate
the AD595 output values over the recommended -200°C to
+350°C range for type T thermocouples, simply use the ANSI
thermocouple voltages referred to 0°C and the output equation
given on page 2 for the AD595. Because of the relatively large
nonlinearities associated with type T thermocouples the output
will deviate widely from the nominal 10 mV/°C. However, cold
junction compensation over the rated 0°C to +50°C ambient
will remain accurate.

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested for error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/AD595 output over
the rated ambient temperature range. Figure 8 shows an AD594/
AD595 drift error envelope. The slope of this figure has units
of *CPEC.

DRIFT ERROR
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THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to am-
bient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 800 pW the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/watt, resulting in a self-
heating error of about 0.032°C.

SETPOINT CONTROLLER
The AD594/AD595 can readily be connected as a setpoint
controller as shown in Figure 9.

HEATER LOW = > T < SETPOINT
oo DRIVER mﬁﬁ%‘;w HIGH = » T » BETPOINT
CONSTANTAN SETPOINT
| HEATER| (ALUMEL) 45V _1_ _ voLrace
| | o o npr'_m ¥ S
1L 12
l | | 20M0
| ¥ $ (OPTIONAL)
I | AD594/ FOR
[ | AD595 b HYSTERESIS
@\ T T w 5:"'!
| ng r'
(Y " Tal o
Lcwmoney | BT N BT
TEMPERATURE ! COMMON
SR "

Figure 9. Setpoint Controller

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10 mVF°C
and compared to an éxternal setpoint voltage applied by the
user to the feedback at Pin 8. Table I lists the correspondence
between setpoint voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the setpoint
temperature range is within the operating range (-55°C to
+125°C) of the AD594/AD3595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10 mV/°C. This is the centi-
grade thermometer configuration as shown in Figure 13.

In operation if the setpoint voltage is above the voltage corre-
sponding to the temperature being measured the output swings
low to approximarely zero volts. Conversely, when the tempera-
ture rises above the setpoint voltage the output switches to
the positive limit of about 4 volts with a +5 V supply. Figure
9 shows the setpoint comparator configuration complete with a
heater element driver circuit being controlled by the AD594/
AD595 toggled output. Hysteresis can be introduced by inject-
ing a current into the positive input of the feedback amplifier
when the output is toggled high. With an AD594 about 200 nA
into the +T terminal provides 1°C of hysteresis. When using a
single 5 V supply with an AD594, a 20 MQ resistor from Vg to
+T will supply the 200 nA of current when the output is forced
high (about 4 V). To widen the hysteresis band decrease the
resistance connected from VO to +T.
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ALARM CIRCUIT

In all applications of the AD594/AD595 the ~ALM connection,
Pin 13, should be constrained so that it is not more positive
than (V+) — 4 V. This can be most easily achieved by connect-
ing Pin 13 to either common at Pin 4 or V- at Pin 7. For most
applications that use the alarm signal, Pin 13 will be grounded
and the signal will be taken from +ALM on Pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm transistor will be off in normal
operation and the 20 k pull up will cause the +ALM output on
Pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the +ALM pin will be driven low. As shown in Fig-
ure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

{45V
20k0.2 ALARM
CONSTANTAN ALARM out D,, TTL GATE
(ALUMEL)
P>
s 10mVrC
3
“
\l POINT| v
i
IRON
L(CHROMEL) _}—[_r W, fal "r Ll Ll T’
: ¢ - {GND

Figure 10. Using the Alarm to Drive a TTL Gate
(“Grounded” Emitter Configuration)

Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11,

4

V4
YoYe
LED
CONSTANTAN 2700
(ALUMEL) 10mvPrC
i ca
comp 57 C
| iron % Y T LT T
Lichromey) | A T
i COMMON

Figure 11. Alarm Directly Drives LED

A 270 Q series resistor will limit current in the LED to 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.
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The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The collector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negative referenced load can be
driven from ~ALM as shown in Figure 12.
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RELAY | T £ -12v
I
1
(A 4

Figure 12. <ALM Driving A Negative Referenced Load

The collector (+ALLM) should not be allowed to become more
positive than (V=) +36 V, however, it may be permitted to be
more positive than V+. The emitter voltage (-ALM) should be
constrained so that it does not become more positive than 4
volts below the V4 applied to the circut.

Additionally, the AD594/AD595 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common mest runaway control
conditions can be automatically avoided. A +IN to common
caonnection creates a downscale output if the thermocouple opens,
while connecting ~IN to common provides an upscale output.

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone Celsius
thermometer as shown in Figure 13.

< 45V TO +15V

OuTPUT
10mvV/FrC

< GND
< o TO-18V
Figure 13. AD594/AD5895 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (Pins 1
and 14) to common. The output now will reflect the compensa-
tion voltage and hence will indicate the AD594/AD595
temperature with a scale factor of 10 mV/°C. In this three termi-
nal, voltage output, temperavare sensing mode, the AD594/
ADS595 will operate over the full military -55°C to +125°C tem-
perature range.
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THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reason-
ably good long-term stability. Because of their small size, they
respond quickly and are good choices where fast response is im-
portant. They function over temperature ranges from cryogenics
to jet-engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal de-
pends on both temperature and composition of the metal, two
pieces of dissimilar metal in isothermal and contact will exhibit
a potential difference that is a repeatable function of tempera-
ture, as shown in Figure 14. The resulting voltage depends on
the temperatures, T1 and T2, in a repeatable way.
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Figure 14. Thermocouple Voltage with O°C Reference

Since the thermocouple is basically a differential rather than
absolute measuring device, a know reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively character-
ized in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

An alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. ‘The reference
junction temperature is allowed to change with the environment
of the measurement system, but it is carefully measured by some
type of absolute thermometer. A measurement of the thermo-
couple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, i§ to use a convenient
thermoelectric method to measure the reference temperature
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and to arrange its output voltage so that it corresponds to a ther-
mocouple referred to 0°C. This voltage is simply added to the
thermocouple voltage and the sum then corresponds to the stan-
dard voltage tabulated for an ice-point referenced thermocouple.

Vi'=Vy
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Figure 15. Substitution of Measured Reference
Temperature for-ice Point Reference

The temperature sensitivity of silicon integrated circuit transis-
tors is quite predictable and repeatable. This sensitivity is
exploited in the AD594/AD595 to produce a temperature re-
lated voltage ro compensate the reference of “cold” junction of a
thermocouple as shown in Figure 16.
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Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction” by connect-
ing directly to the circuit wiring. So long as these connections
and the compensation are at the same temperature no error will
result.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

TO-116 (D) Package
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0.035 $0.010 |‘— 7820.25) |
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Cerdip (Q) Package

g
PIN 1
0,035 $0.010
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