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HEMATOCRIT CENTRIFUGE

Mr.Wallop Sakulimsup
Mr.Wattanachai Penumpornkul
Dr. Kitiphol  Chitsakul (Advisor)

2™ Semester Academic year 2001

Abstract

This thesis presents the development of a Hematocrit Centrifuge, which is a
medical apparatus. This apparatus consists of a universal motor and a control circuit for
stirring the blood filled tubes at variable speed of 3,000 rpm for Centrifuge and 12,000
rpm for Hematocrit. It is a study of Micro controller, Digital to Analog circuit, PWM
circuit and Shopper circuit.

We use principle of centrifugal forces in order to separate red blood from plasma
by using high-speed motor. We use a micro controller family MCS-51, the AT89S8252,
to control the system such as digital-to-analog converter (DAC), a universal motor and
the feedback part to stabilize the speed corresponding to a set reference value. In
addition, the unit is equipped with protection system such as the sensor of the opening of
the cover before starting the machine and the lock of the cover during the motor

functions. A LCD display is also included for monitoring the menu function.
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13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Speed (pm.) | ussdUTiANASELUOIADS (V.) | UIIHU V,, (V)

12,000 175 135

5,000 445 256.5
4,000 31.2 278.8
3,500 25.5 284.5
3,000 1.5 288.5
2,500 16.7 20
2,000 14.4 295.6
1,500 11 299

Speed ( rpm.)

Vmotor (V.)

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150160 170 180
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Time (Sec.) | Speed (rpm.) | Time (Sec.) | Speed (rpm.) | Time (Sec.) | Speed (rpm.)
0 0 50 3,450 110 3,560
5 250 55 3,470 120 3,510
10 1,230 60 3,500 130 3,510
15 1,810 65 3,540 140 3,490
20 2,300 70 3,550 150 3,480
25 2,740 75 3,580 160 3,500
30 3,340 80 3.530 170 3,480
35 3,280 85 3,520 180 3,470
40 3,430 90 3,550 190 3,490
45 3,440 100 3,530 200 3,540

A Speed (rpm.)
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500
Time (sec.)

0 >
30 60 90 120 150 180 210

~ v o J A =} @ =
1% 7.7 nsmluaasnnuduiuS s RNALE WD wWoMES HUNATNIINET 3,500 rpm.
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A151990 7.3 HEAAIMSINNANUSIYBINBEDI HUNANAAINE 12,000 rpm.

Time (Scc.) | Speed (rpm.) | Time (Sec.) | Speed(rpm.) | Time (Sec.) | Speed (rpm.)
0 0 50 11,970 110 12,020
5 800 55 12,080 120 12,030
10 2,530 60 12,150 130 12,040
15 4,020 65 12,200 140 12,050
20 5,980 70 12,000 150 11,980
25 7,510 75 11,930 160 11,970
30 8,940 80 11,950 170 12,020
35 10,350 85 12,000 180 12,000
40 11,220 90 12,010 190 11,990
45 11,710 100 12,030 200 12,000
A specd (p)
13,000
12,000 . e
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
Time (sec.)
0 30 60 90 120 150 180 210 >

~ o @ o A < o = 3
E‘]_IV] 7.8 ﬂi”lWLLfTﬂ\iﬂ’NiJﬂﬂwu‘ﬁﬂTiLWﬂJﬂ'ﬂﬂJLi?‘ﬂE]\iiJ@m@gﬂ‘UL’Ja"Wlﬂ'ﬂiJﬁ’J 12,000 rpm.
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Bill of Material for Micro_da02.Bom

1 0 R31
3 0.1uF C4Cl18 C20
1 0.01uF C19

7 0.1uF/35V C1C2C3C8CllCl14C17

11 R36

1 1N4004 D2

1 1N4148 Dl

3 IN4937 D3 D4 D6

1 1k R24

1 22nF Cl13

1 2SC1061 Q4

1 33K R30

1 39K R35

1 4N26 Ull

2 4k7 R4 R5

4  4x10k Rpack5 Rpacké Rpack7 Rpack8
4 4x20k Rpackl Rpack2 Rpack3 Rpack4
1 5ké6 R19

2 8x4.7k Rpull-upl Rpull-up2

2 8x10k Rpull-up3 Rpull-up4

I 10 R32

2 10K VRI VR2

12 10k R2R6R7R8 RO RIOR11 RI2 R13 R15R25 R29
5 10uF C5C9CI10CI5Cl6

1 10uF/10V C12

1 11.059MHz XTAL-1

1 20k R14
2 22pF C6C7
1 27 R33
1 47k R3

2 50 R23 R34



50 RI
50k R21 R22
68 RIS
74HC244 Ul
T4HC541 U8 U9
100k R17

200 R37

500k R20

560 R26 R27 R28
630 R16
AT89S8252 U5
BC547 Q1
BC557 Q5
BUZZER Bl
CON3 16
CON4 19
CON7 8
DOWNLOAD 32
FEEDBACK 13
KEYSWITCH hj
LCD J5

LF351 U6
MAX232 U10
MURS880 D5 D7
PC817 Ul3
PCF8574AP U3 U4
RESET SW1
RS232 J4
TIP41 Q2
TIP42 Q3
TLA494 U7
TR-BU208D 37



Bill of Material for Supply.Bom

1
8

1

0.1uF/630V
0.1uF/100V
330uF/450v
470uF/50V
1N4004
MURS880
DFO1
KBL406
KBPC610
1k

2/5W

10k
25C1061
BC547

7805

7812

7912
RELAY-12V
RELAY-12V
12VAC
220VAC
MOTOR
CON3
CON5
CON9

Cc2
C1C3C4C5C8Cl11CI3Cl5
C9
C6C7CI0CI2C14C16C17CI18
D3 D4 D5 D9
D7 D8

D1 D-70  Diode Bridge
D6 D-37R Diode Bridge
D2 D-46  Diode Bridge
R2 R3 R6 R§

R1 |

R4 R5 R7 R9Y

Q1 Q3

Q2Q4

U2

Ul U3

U4

K1 RELAY_H

K2 RELAY L

J1 SIP-2  Connector

J2 POWER2  Connector

J5 POWER2  Connector

J4 POWER3  Connector
J3 SIP-5  Connector
J7 SIP-9  Connector



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

® Complete PWM Power Control Circuitry D, N, NS, OR PW PACKAGE
(TOP VIEW

® Uncommitted Outputs for 200-mA Sink or ( :
Source Current 1IN+ [] 1 o 16 |] 2IN+

® Output Control Selects Single-Ended or 1IN-] 2 15 {] 2IN—
Push-Pull Operation FEEDBACK [] 3 14 ] REF

@ [nternal Circuitry Prohibits Double Pulse at DTC[] 4 13[] OUTPUT CTRL
Either Output cTlls 12[] Vee

® \Variable Dead Time Provides Control Over RT[]6 1fc2
Total Range GND[] 7 10]] E2

@ |[nternal Regulator Provides a Stable 5-V cills oll E1

Reference Supply With 5% Tolerance

@ Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functionsrequired in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —=0.3 V to Voo — 2 V. The dead-time control
comparator has afixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494! is characterized for operation from
—40°C to 85°C.

FUNCTION TABLE

INPUT TO

OUTPUT CTRL OUTPUT FUNCTION
V)= GND Single-ended or parallel output
Vi = Vief Normal push-puli operation

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. M

Products conform to specifications per the terms of Texas Instruments I

standard warranty. Production processing does not necessarily include

testing of all parameters. EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright © 1999, Texas Instruments Incorporated



TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

AVAILABLE OPTIONS

PACKAGED DEVICES h
SHRINK CHIP

TA SMALL PLASTIC SMALL STALL FORM
OUTLINE DIP OUTLINE Y
) N) (NS) OUTLINE (Y)

(PW)

0°C to 70°C TL494CD TL494CN TL494CNS TL494CPW | TL494Y

—40°C to 85°C TL494ID TL494IN — — —

The D, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g.,

TL494CDR). Chip forms are tested at 25°C.

functional block diagram

RT
CT

DTC

1IN+
1IN-

2IN+
2IN-

FEEDBACK

OUTPUT CTRL
(see Function Table)

6 13 .
5 Oscillator Q1
1D Cc1
Dead-Time Control ¢ D}—@
~01V Comparator E1
4
i > C1
o PWM RNV,
Error Amplifier 1 Cohadtor »__:Df
1 3 e < 10
—e =
2 B Pulse-Steering
Flip-Flop
Error Amplifier 2 12
16 Vee
h
15 " Reference 14
- Regulator REF
7
D, GND
3
0.7 mA

{'f TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1999

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

TL494 UNIT
Supply voltage, Vg (see Note 1) 41 1%
Amplifier input voltage, V| Vcet0.3 \Y
Collector output voltage, Vo 41 \
Collector output current, 1o 250 mA
D package 73
Package thermal impedance, 64 (see Notes 2 and 3) STl Sl o °C
NS package 64
. PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, N, or PW package 260 &
Storage temperature range, Tstg —65 to 150 e

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j(max), 6ja, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (Ty(max) — Ta)/0 ja. Operating at the absolute maximum T jof 150°C can impact reliability.

3. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace
length of zero.

recommended operating conditions

TL494
UNIT
MIN MAX
Supply voltage, Voo 7 40 \
Amplifier input voltage, V| =0.3 Vcc—2 Vv
Collector output voltage, Vo 40 Y
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
Oscillator frequency, fosc 1 300 kHz
Timing capacitor, Ct 0.47 10000 nF
Timing resistor, RT 1.8 500 kQ
. ) TL494C 0 70
Operating free-air temperature, Ta ©
TL4941 —40 85

*L‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Vo = 15V,
f=10 kHz (unless otherwise noted)

reference section

TL494C, TL494]
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
Output voltage (REF) lo=1mA 4.75 5 525 "
Input regulation Vcc=7Vto40V 2 25 mvV
Output regulation lo=1mAto 10 mA 1 15 mvV
Output voltage change with temperature ATp = MIN to MAX 2 10| mv/v
Short-circuit output current$ REF =0V 25 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values, except for parameter changes with tem perature, are at Tp = 25°C.
§ Duration of the short circuit should not exceed one second.
oscillator section, Ct = 0.01 uF, Ry =12 kQ (see Figure 1) )
‘ TL494, TL494I
PARAMETER TEST CONDITIONST UNIT
MIN TYPt MAX
Frequency 10 kHz
Standard deviation of frequency {1 All values of Vi, CT, RT, and T constant 100 Hz/kHz
Frequency change with voltage Vecec=7Vto 40V, Ta =25°C 1 Hz/kHz
Frequency change with temperature? ATA = MIN to MAX 10 | Hz/kHz
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T typical values, except for parameter changes with tem perature. are at Ta =25°C.
fIstandard deviation is a measure of the statistical distribution about the mean as derived from the formula:
g =
#Temperature coefficient of tirning capacitor anc timirg resistor are not taken into account.
error-amplifier section (see Figure 2)
TL494, TL494I
PARAMETER TEST CONDITIONS UNIT
MIN  TYPE MAX
Input offset voltage Vo (FEEDBACK) =2.5V 2 10 mV
Input offset current Vo (FEEDBACK) =25V 25 250 nA
Input bias current Vo (FEEDBACK) = 2.5 V 0.2 1 UA
Common-mode input voltage range | Vg =7 V to 40 V. 0310 Vv
put voltage rang cc= Veo=2
Open-loop voltage amplification AVp =3V, R =2kQ, Vo=05Vto35V 70 95 dB
Unity-gain bandwidth Vp=05Vto35VY, R =2kQ 800 kHz
Common-mode rejection ratio AVp =40V, Ta =25°C 65 80 dB
Output sink current (FEEDBACK) Vip=-15mVto -5V, V (FEEDBACK) = 0.7 V 0.3 0L7 mA
Output source current (FEEDBACK) |Vip=15mVto 5V, V (FEEDBACK) = 3.5V -2 mA

T A typical values, except for parameter changes with tem perature. are at Ta =25°C.

{’} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Vcc =15V,
f=10 kHz, Tp = 25°C (unless otherwise noted)

reference section

TL494Y
PARAMETER TEST CONDITIONST UNIT
MIN TYPt MAX
Output voltage (REF) lo=1mA B )
Input regulation Vecc=7Vto40V 2 mV
Output regulation Io=1mAto 10 mA 1 mV
Short-circuit output current REF =0V 25 mA
T All typical values, except for parameter changes with tem perature, are at Ta =25°C
1 Duration of the short circuit should not exceed one second.
oscillator section, C1 =0.01 uF, Rt = 12 kQ (see Figure 1)
TL494Y
PARAMETER TEST CONDITIONST UNIT
MIN TYPT  MAX
Frequency 10 kHz
Standard deviation of frequency $ Al values of Vo, CT, RT, and Tp constant 100 Hz/kHz
Frequency change with voltage Vcg =7V tod0 VvV 1 Hz/kHz
t Al typical values, except for parameter changes with tem perature, are at Tp = 25°C.
§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:
g =
error-amplifier section (see Figure 2)
TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT ~ MAX
Input offset voltage Vo (FEED3ACK) = 2.5V 2 mV
Input offset current Vo (FEEDBACK) = 2.5V 25 nA
Input bias current Vo (FEEDBACK) =25V 0.2 uA
Open-loop voltage amplification AVg =3V, RL =2k, Vo =0:5Vito 3.5V 95 dB
Unity-gain bandwidth Vo=0.5Vto35YV, Ry =2kQ 800 kHz
Common-mode rejection ratio AVp =40V 80 dB
Output sink current (FEEDBACK) Vip ==15mVto -5V, V (FEEDBACK) = 0.7 V 0.7 mA
tal typical values, except for parameter changes with tem perature, are at Tp = 25°C
‘Ui TEXAS
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Vcc =15V,

f =10 kHz (unless otherwise noted)

output section

TL494, TL494Y

PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX
Collector off-state current Vcg =40V, Vec =40V 2 100 pA
Emitter off-state current Vecc=Vc =40V, VE=0 -100 uA
) ! Common emitter  |Ve =0, Ic =200 mA 1.1 1.3
Collector-emitter saturation voltage = - \
Emitter follower VO(C1orC2) = 15V, Ig=-200 mA 1.5 2.5
Output control input current V| = Vref 3.5 mA
T Al typical values except for temperature coefficient are at Ta = 25°C.
dead-time control section (see Figure 1)
TL494, TL494Y
PARAMETER TEST CONDITIONS . UNIT
MIN  TYPT MAX
Input bias current (DEAD-TIME CTRL) Vi=01t05.25V -2 -10 uA
Maximum duty cycle, each output V| (DEAD-TIME CTRL) = 0, C1 = 0.1 uF, RT = 12 kQ 45%
Zero duty cycle 3 3.3
Input threshold voltage (DEAD-TIME CTRL) 1 V
Maximum duty cycle 0
T All typical values except for temperature coefficient are at Tp = 25°C.
PWM comparator section (see Figure 1)
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN - TYPT  MAX
Input threshold voltage (FEEDBACK) Zero duty cycle 4 4.5 \
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 0.3 0.7 mA
TAll typical values except for temperature coefficient are at Tp = 25°C.
total device
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYPT ~MAX
X Vee A5V 6 10
Standby supply current RT = Vief, All other inputs and outputs open mA
Veoc =40V (2 15
Average supply current V| (DEAD-TIME CTRL) = 2V, See Figure 1 7.5 mA
T All typical values except for temperature coefficient are at Ta = 25°C.
switching characteristics, Tp = 25°C
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX
Rise time ) ) . . 100 200 ns
Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time ) . ) 100 200 ns
Emitter-follower configuration, See Figure 4
Fall time 40 100 ns

T All typical values except for temperature coefficient are at T = 25°C.
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PARAMETER MEASUREMENT INFORMATION

Vee =15V
12 150 Q 150 Q
2w 2W
Vece
4 8
Test DTC C1 € Output 1
mputs 1 3 | reepBACK E1}-2
12kQ L
6 11 -
RT c2 Output 2
1
}445— cT E2 —JLtL
0.01 uF
) 1
1IN+
2
16 1UN- Error
i 2IN+ [ Amplifiers
1
L 31 IN-
13] OuTPUT REF 114
CTRL
GND
50 kQ
T |7
TEST CIRCUIT

Vv
Voltage CcC
at C1 i\ WV §
Voltage

at C2

N B %8s EIST L/ "
NAVANANAANN ANV

Voltage
at CT

Threshold Voltage — — =

|
|
DTC [
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ov |

‘[ 1‘ Threshold Voltage — —-—— [

FEEDBACK | ‘ |

0.7V : { |
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Duty Cycle 0% —4—b] ¢ b MAX +— 0% —»

VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

vi®

Vref -
Other Amplifier

Figure 2. Amplifier Characteristics

——— FEEDBACK

. |
|EachOutput [ )

| Circuit —O—T— Output
PR / &

I CL=15pF
| l (See Note A)
|

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
NOTE A: C|includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V
C="—="\\ 1
Each Output | |
. |
| Circuit : |
SORRPIDRR o
I Output
I_ _______ 68 Q
CL=15pF =< Y
(See Note A)
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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f — Oscillator Frequency and Frequency Variation — Hz

t Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperzaiure range.

A — Amplifier Voltage Amplification — dB

TYPICAL CHARACTERISTICS
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AMPLIFIER VOLTAGE AMPLIFICATION
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Figure 6
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to supoort this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS ISUNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party’'s products or services does not constitute TI's approval, warranty or endorsement thereof.
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