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Sub Speed

Get Speed
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Sub Stop
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Sub Comm1_Oncomm()
Comm1.CommPort = 2
CommI.Settings = “1200,N,8,1”
Comm]1.PortOpen = True
Comml.Output = a
Comm1.PortOpen = False

End Sub

Sub Command3d1l_MouseDown ( Button As Integer , Shift As Integer
, X As Single , Y As Single )

Label5.Caption = “@unin”

a=1

Call Comml_ Oncomm

End Sub

Sub Command3d1_MouseUp ( Button As Integer , Shift As Integer , X
As Single , Y As Single )

Label5.Caption = None

a=>5

Call Comm1_Oncomm

End Sub

Sub Command3d2_MouseDown ( Button As Integer , Shift As Integer
, X As Single , Y As Singl.e )

Label5.Caption = “{3t746”

a=3

Call Comm1 Oncomm
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End Sub

Sub Command3d2_MouseUp ( Button As Integer , Shift As Integer , X
As Single , Y As Single )

Label5.Caption = none

a=>5

Call Comm]_Oncomm

End Sub

Sub Command3d3_MouseDown ( Button As Integer , Shift As Integer
, X As Single , Y As Single )

Label5.Caption = “{B2”

a=4

Call Comm1_Oncomm

End Sub

Sub Command3d3_MouseUp ( Button As Integer , Shift As Integer , X
As Single , Y As Single )

Labe15..Caption = none

a=5

Call Conm]1_Oncomm

End Sub

Sub Command3d4_MouseDown ( Button As Integer , Shift As Integer
, X As Single , Y As Single )
Label5.Caption = “008%a4”

a=?2



81

Call Comm1 Oncomm

End Sub

Sub Command3d4_MonseUp ( Button As Integer , Shift As Integer , X
As Single , Y As Single )

Label5.Caption = none

a=5

Call Comm]_Oncomm

End Sub

Sub Form_Load ()
Comml.CommPort = 2
Comml1.Settings = “1200,N,8,1”
End Sub
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Dim A- As Integer

Sub COMM1_ONCOMM ()
comm1.CommPort = 2
comm1.Settings = "1200,N,8,1"
comm]l.PortOpen = True
comm!.Output = Chr(A)

comm].PortOpen = False
End Sub

Sub Command3D1_MouseDown (Button As Integer, Shift As Integer, X A§ Single, Y As Single)

label5.Caption = "@UNT" send message to monitor

A = &H41 "1 is forward value
Call COMM1_ONCOMM "send a to comm2
End Sub

Sub Command3D1_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = none
A =&H45
Call COMM1_ONCOMM

End Sub

Sub Command3D10_MouseDown (Button As Integer, Shift As Integer, X As Single, Y As
Single)

label5.Caption = "Hyundody"

A = &H49

Call COMM1_ONCOMM



End Sub

Sub Command3D10_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = ""
A=&H4A
Call COMM1_ONCOMM

End Sub

Sub Command3D2_MouseDown (Button As Integer, Shift As Integer, X AS Single, Y As Single)
labelS.Caption = "lé‘ﬂ’)%‘w"
A =&H43
Call COMM1_ONCOMM

End Sub

Sub Command3D2_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
labelS.Caption = none
A =&H45
Call COMM1_ONCOMM
End Sub

Sub Command3D3_MouseDown (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = "L§UQ%Q1"
A =&H44
Call COMM1_ONCOMM

End Sub

Sub Command3D3_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = none
A =&H45
Call COMM1_ONCOMM

End Sub



Sub Command3D4_MouseDown (Button As Integer, Shift As Integer, X As'Single, Y As Single)
labelS.Caption = "DBYNAL" :
A =&HA42
Call COMM1_ONCOMM

End Sub

Sub Command3D4_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = none
A =&H45
Call COMM1_ONCOMM

End Sub

Sub Command3D5_MouseDown (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = "111414‘1’1’1&1"
A = &H46
Call COMM1_ONCOMM

End Sub

Sub Command3D5_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
labelS.Caption = none
A = &H45
Call COMM1_ONCOMM

End Sub

Sub Command3D6_MouseDown (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = "HyUYN"
A =&H47 i
Call COMM1_ONCOMM



End Sub

Sub Command3D6_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
labelS.Caption = none ’
A= &H45

Call COMM1_ONCOMM
End Sub

Sub Command3D7_Click ()
form2.Show

End Sub

Sub Command3D8_Click ()
Unload forml
End Sub

Sub Command3D9_MouseDown (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = "nyundosyn " '
A = &H48
Call COMM1_ONCOMM

End Sub

Sub Command3D9_MouseUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
label5.Caption = ""
A=&H4A

Call COMM1_ONCOMM

End Sub



Sub Form_Load ()

comml.CommPort = 2

comml.Settings = "1200,N,8,1"

i= Shell("c:\progra~1\pca20tv\vpvideo.exe", 1)
End Sub

Sub Knob1_Change ()
label10.Caption = knob1.KnobValue
If knob1.KnobValue = 0 Then

A=48

€all COMM1_ONCOMM
Elself knob1.KnobValue = 1 Then

A=49

Call COMM1_ONCOMM
Elself knob1.KnobValue = 2 Then

A=50

Call COMM1_ONCOMM
Elself knob1.KnobValue = 3 Then

A=51

Call COMM1_ONCOMM
Elself knob1.KnobValue = 4 Then

A=52

Call COMM1_ONCOMM
Elself knobl.KnobValue = 5 Then

A=353

Call COMM1_ONCOMM
Elself knob1.KnobValue = 6 Then

A=54

Call COMM1_ONCOMM
Elself knob1.KnobValue = 7 Then '

A=55



Call COMM1_ONCOMM
Elself knob1.KnobValue = 8 Then

A=56

Call COMM1_ONCOMM
Elself knobl.KnobValue = 9 Then

A=57

Call COMM1_ONCOMM
Elself knob1.KnobValue = 10 Then

A=58

Call COMM1_ONCOMM
Elself knobl.KnobValue = 11 Then

A=59

Call COMM1_ONCOMM
Elself knobl.KnobValue = 12 Then

A=60

Call COMM1_ONCOMM
Elself knob1.KnobValue = 13 Then

A=61

Call COMM1_ONCOMM
ElseIf knobl.KnobValue = 14 Then

A=62

Call COMM1_ONCOMM
ElseIf knob1.KnobValue = 15 Then

A=63

Call COMM1_ONCOMM
EndIf

End Sub
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ORG 0000H

p_dely2:mov r6,#20h ;
p_delyl:mov r7,#0fth ;
djinz 17,3 ;
dinz 16,p_delyl ;

mov r7,#00h jmmm—————- >clear 17

MOV A #00H
MOV P1#00H
MOV RO0,#88H
LIMP SET

ORG 0023H

MOV A,SBUF

MOV RLA ; STORE SERIAL DATA INR1
ANL A,#11110000B ; GET 4 BITSHIGHIN A

SPE: CINE A,#00110000B,STOO ; SPEED
LCALL SPEED

STOO: MOV ARI1 : STOP
CINE A #45H,FOR
LCALL STOP

FOR: CINE A #41H,BAC ; FORWARD
LCALL FORWARD



BAC: CINE A, #42H,LEF ; BACKWARD
LCALL BACKWARD

LEF: CIJNE A#43H,RIG ; LEFT
LCALL LEFT

RIG: CJNE A #44H,TLE ; RIGHT
LCALL RIGHT

TLE: CJNE A #46H,TRI ; TURN LEFT.
LCALL T_LEFT

TRI: CINEA#47TH,ST ONL  ; TURN RIGHT
LCALL T_RIGHT

ST_ONL: CJNE A #48H,ST ONR ; STEPPING ON IN LEFT
MOV R7#01H

ST_ONR: CINE A #49H,ST_OFF  ; STEPPING ON IN RIGHT
MOV R7,#02H

ST_OFF: CINE A #4AH,END ; STEPPING OFF
MOV R7,#03H

END: CLRRI
RETI

ORG 0100H
SET: PORTA EQU 0000H



PORTB EQU PORTA+1
PORTC EQU PORTA+2
CWD EQU PORTA+3

MOV DPTR,#CWD
MOV A #80H

MOVX @DPTR,A

MOV A #00H JINITIAL SETTING FOR 8255
MOV DPTR,#PORTA

MOVX @DPTR,A

MOV DPTR #PORTB

MOVX @DPTR,A

MOV DPTR,#PORTC

MOVX @DPTR,A

; SERIAL SETTING------------ .

MOV SCON #50H ; 8 BITS UART VARIES BAUD RATE
MOV TH1,#0ESH ; BAUD RATE = 1200

MOV TMOD,#20H ; 8 BITS AUTO RELOAD

SETB TRI ; RUN TIMER 1

SETB EA ; ALL INTERRUPT

SETB ES ; SERIAL INTERRUPT

CLR RI

R STEPPING MOTOR SETTING

MOV P1,#00001100B

START: MOV AR7



STL: CINE A#01H,STR
CALL STEPL

STR: CINE A,#02H,STO
CALL STEPR

STO: CINE A#03H,CHA
CALL STEPO

CHA: SIMP START ;
SIMP START

SPEED: MOV A,RI

X0: CINE A,#00110000B,X1
MOV R0,#00H

X1: CINE A #00110001B,X2
MOV RO,#1FH

X2: CINE A#06110010B,X3
MOV RO,#2FH

X3: CINE A#00110011B,X4
MOV RO#3FH

X4: CINE A ,#00110100B,X5
MOV RO #4FH

X5: CINE A#00110101B,X6
MOV RO,#5FH

X6: CINE A,#00110110B,X7
MOV RO #6FH

X7: CINEA#00110111B,X8
MOV RO #7FH

X8: CINE A,#00111000B,X9
MOV RO,#8FH



X9: CINE A,#00111001B,X10
MOV RO,#9FH

X10: CINE A,#00111010B,X11
MOV RO #0AFH

X11: CINE A#00111011B,X12
MOV RO,#0BFH

X12: CINE A#00111100B,X13
MOV RO #0CFH

X13: CINE A#00111101B,X14
MOV R0,#0DFH

X14: CINE A#00111110B,X15
MOV RO#0EFH

X15: CINE A#00111111B,X16
MOV RO,#0FFH

X16:
MOV P1,A
RET

STOP: MOV P1,A

MOV A, #00H ; OUT #00H FOR STOP
MOV DPTR #PORTA
MOVX @DPTR,A ; TOPORT A
MOV DPTR,#PORTB
MOVX @DPTR,A ; TOPORT B
MOV DPTR,#PORTC
MOV A #00H ;
" MOVX @DPTR,A ; TOPORT C (NO AND GATE SELECTED )

3



FORWARD:MOV P1,A

MOV ARO ; GET SPEED VALUE

MOV DPTR#PORTA

MOVX @DPTR,A ; OUT TO PORT A

MOV DPTR,#PORTB

MOVX @DPTR,A ; OUT TO PORT B

MOV DPTR,#PORTC

MOV A #06H ; SELECT AND GATE VALUE

MOVX @DPTR,A ; OUT SELECT AND GATE TO PORT C
RET

BACKWARD:MOV P1,A
MOV A,RO
MOV DPTR #PORTA
MOVX @DPTR,A
MOV DPTR #PORTB
MOVX @DPTR,A
MOV DPTR #PORTC
MOV A #09H
MOVX @DPTR,A
RET

LEFT: MOV P1,A
MOV A,RO
MOV DPTR,#PORTA
MOVX @DPTR,A



MOV A #00H
MOV DPTR #PORTB
MOVX @DPTR,A
MOV DPTR#PORTC
MOV A #04H

MOVX @DPTR,A
RET

RIGHT: MOV P1,A
MOV A #00H
MOV DPTR #PORTA
MOVX @DPTR,A
MOV A,RO
MOV DPTR #PORTB
MOVX @DPTR,A
MOV DPTR,#PORTC
MOV A #02H
MOVX @DPTR,A
RET

T_LEFT: MOV P1,A
MOV A,RO
MOV DPTR,#PORTA
MOVX @DPTR,A
MOV DPTR,#PORTB
MOVX @DPTR,A
MOV DPTR#PORTC
MOV A #05H



MOVX @DPTR,A
RET

T_RIGHT:MOV PL,A
MOV A,RO
MOV DPTR,#PORTA
MOVX @DPTR,A
MOV DPTR,#PORTB
MOVX @DPTR,A
MOV DPTR,#PORTC
MOV A #0AH
MOVX @DPTR,A
RET

DELAY: MOV Ré6,#0FH
DELAY1: MOV R5,#0FFH
DINZ RS,$
DJNZ R6,DELAY1
RET

STEPL: MOV P1,#00001100B
CALL DELAY
MOV P1,#00001101B
CALL DELAY
MOV AR7
CJNE A#01H,L



SJMP STEPL
L: RET

STEPR: MOV P1,#00001110B
CALL DELAY
MOV P1,#00001111B
CALL DELAY
MOV AR7
CJNE A#02H,R
SJMP STEPR

R: RET

STEPO: MOV P1,#00001100B
MOV R7,#00H
RET

; SIMP START
END
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MAXIM

+SV-Powered, Muiti-Channel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 commurica-
tions interfaces, and in particufar, for those appfications
where £12V is not available.

These parts are particularly useful in battery-powered
systems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225.
MAX233, MAX23S, and MAX245-MAX247 use no external
components and are recommended for applications
where printed circuit board spacse is cntical.

Applications

Portable Computers

Low-Power Modems

Interface Transtation
Battery-Powered RS-232 Systems
Muiti-Drop RS-232 Networks

Drivers/Receivers

Features

. Superior to Bipolar

¢ Operats from Single +5V Power Supply
(+5V and +12V~MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All ELA/TIA-232E and V.28 Specifications

¢ Multiple Drivers and Receivers

+ 3-State Driver and Receiver Outputs

¢ Open-Line Detaction (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°Clo +70°C 16 Plastic DIP
MAX220CSE 0°C 1o +70°C 16 Narrow SO
MAX220CWE 0°Cto +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -  -40°C to +85°C - 16 CERDIP
MAX220MJE -55°C 1o +125°C 16 CERDIP

Ordering information continved gt end of data sheet.
*‘Contact factory for cice specifications.

Selection Tapie

Power No. of Nominal  SHDN  Rx —’
Part Supply RAS-232 No. of Cap. Volus ~&TIF6e- Activein Data Aate
Number ) Drivera/Rx_Ext. Cape {pF) Stxie SHON (ibps) Festures
MAX220 +5 212 4 4.7/10- No L 120 Ulralow-Dower, Indusiry-standarg oot
MAX222 +5 Pz 4 0.1 Yes 200 Low-power shutdown
MAX223 (MAX213} +5 45 4 TTot0.1) Yeos v 120 MAX241 + receivers active in shuidown
MAX225 +5 5 0 - Yes v 120 Avaflabla in SO
MAX230 (MAX200) +5 S0 4 1.0(0.1) Yes 120 § drivars with shutdown
MAX231 (MAX201) +5 and 7] 2 1.0(0.1) No 120 Standard +5/+12V o battery supplies;

+7510 4132 same functions as MAX232
MAX232 (MAX202) +5 2 4 1.0(0.1) No 120(64) Industry standard
MAX232A +5 22 4 0.1 No 200 Higher stew rate, small caps
MAX233 (MAX203) +5 2R Q - No 120 No external caps
MAX233A +5 rird 0 ~ No 200 No sxternal caps. high slew rata
MAX234 (MAX204}) +5 40 4 1.0(0.1) No 120 Replaces 1488
MAX235 (MAX205) +5 55 0 - Yes 120 No external caps
MAX236 (MAX206) +5 a3 4 1.0(0.1) Yes 120 Shutdown, three stale
MAX237 (MAX207) +5 53 4 1.0(0.1) No 120 Complaments IBM PC serial port
MAX238 (MAX208) +5 474 4 1.0(0.1) No 120 Replaces 1488 ang 1488
MAX239 (MAX209) +5 and s 2 1.0¢0.1) No 120 Standard +5/+12V or banery supplies;

+7.510 +13.2 single-package sokition (of 1BM PC serial port
MAX2240 +5 55 4 1.0 Yes 120 OIP or flatpack packaga
MAX241 (MAX211) +5 a5 4 10(01) Yes 120 Complets IBMPCseﬁaOM
MAX242 +5 22 4 0.1 Yes [ 200 Separate shuldown and enabie
MAX243 +5 2R 4 s8] No ' 200 Open-line detection simplifies cabling
MAX244 +5 ano 4 1.0 No 120 High slew rate
MAX245 +5 810 0 - Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 &no 0 - Yes v 120 High slew rats, int. caps, thvee shutdown modas
MAX247 +5 89 o] - Yes 4 120 High slew raw, Int. caps, nina oOperating modes
MAX243 +5 an 4 1.0 Yes v 120 High siew rate, salective hal-chip snables
MAX243 +5 &no 4 1.0 Yes v 120 Aveilable in quad flatpack package
MAX LM Maxim tmtegrated Products 1

For free samples & the Iatest literature: httpz//www.maxim-ic.com, or phone 1-800-998-8800
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MAX220-MA X249

+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242I243

Supply Voltage (Vee) oo 0.3V 10 46V 16-Pin Narrow SO (derate 8.70mwW/C above +70°C)...606mwW

Input Voltages 16-Pin Wide SO (derats 9.52mwWrC above +70°C)......762mW
Tin . . v 0.3V 10 (VO g - 0.3V) 18-Pin Wids SO (derate 9.52mW/C above +70°C)......762mwW
BIN ottt ssncessess e eoeseeee oo =30V 20-Pin Wide SO (derate 10.00mW/C above +70°C)....800mw
Tout (Note 1) . =18V 20-Pin SSOP (derate 8.00mwW/°C above +70°C) .......... 640mw

Output Voltages 16-Pin CERDIP (derate 10.00mWrC above +70°C).....800mw
TOUT.cvvmne. . =15V 18-Pin CERDIP (derate 10.53mw/C above +70°C).....842mw
BOUT ettt -0.3V to (Ve + 0.3V) Operating Temperature Ranges

Driver/Rece tput Short Circuited to GND......... Continuous MAX2__AC_ _ MAX2_ _C_ _' ............................. 0°C o +70°C

Continuous Power Dissipation (Ta = +7C°C) MAX2_ _AE_ _ MAX2_ E_ B ..=40°C to +85°C
16-Pin Plastic DIP (derate 10.53mwWrC above +70°C)....842mw MAX2__AM__, MAX2_ _M_ -55°C to +125°C
18-Pin Plastic DIP (derate 11.11mW/C above +70°C)....889mwW Storage Temperature Range........ 65°C 10 +160°C

20-Pin Plastic DIP (derate 8.00mMwW/rC above +70°C}) ....440mW Lead Temperature (soldering, 10sec)..........oonu............. +300°C
Note 1: fnput voltage measured with Tout in high-impedance state, SHDN or Vee =0V,

00gravon of the device at these or any olher conditions beyond those indicated in the opesanonal sections of the spe];ciﬁcam is not ymplied. Exposwe o
absofute maximun rabng conditions for extended penods may afloct device refapility,

ELECTRICAL CHARACTER ISTICS——MAX220/222/232A/233A12421243
{VeC = +5V =10%, C1-C4 = 0. TuF. TA = TMin 10 TMax, unless otherwise noted.)

PARAMETER | CONDITIONS | MNTYP  max | UNTS |
RS-232 TRANSMITTERS —
Output Yoliage Swing All transmitter outputs loaded with 3k to GND =5 =8 v
Input Logic Threshold Low 1.4 oX:} \Y
Input Logic Threshold High 2 .4 v
Normal operation N 3 40
il- 2
togic Pull-UpAnput Current SHDN = OV, MAX2227242, shutdomn 001 =1 ] A
Vee = 5.5V, SHDN = OV, Vou = +15V, MAX222/242 £0.01  +10
t k t —_—
Output Leakage Curren VCC = SHDN = OV, Vour = = 15V T 2001 =0 | MA
Data Rat Except MAX220, normal operation 200 116 | xbits/
ala Rate MAX220 ) 20 | sec
Transmitter Quiput Resistance Vee = V4 = Vo= OV, Vour = 22V 300 10M n
Output Short-Circuit Current Vourt = 0V =7, =22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 v
Except MAX243 R2iy [oX:) 1.3
- i Th | Vee = v
RS-232 Input Threshold Low cc =5V MAX243 Rz (Nota 2) 3
. Except MAX243 R2)y 1.8 24
- Input Threshold High Veo = 5V . v
RS-232 Input Threshold Hig ce MAX243 Ry (Note 2) 05 01
, Except MAX243, Vce = 5V. no hyst. in shdn. 0.2 0.5 1
- v
RS-232 Input Hysteresis NAGES :
RS-232 Input Resistance 31 5 kQ
TTL/CMOS Output Valtage Low lout = 3.2mA ’ 0.2 0.4 v
TILACMOS Output Voltage High lout = -1.0mA 35 Veg-02 \
) Sourcing Vout = GND 20 10
TTLACMOS Quiput Shodt-Circuit Current Shrinking VouT = Voo 0 3
. o SHDN = Vg or BN = Vec (SRDN = OV for MAX222), .
TTL/CMOS Quiput Leakage Current OV s Vour € Veo +0.05 =10 A




+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

(Ve = +5V £10%. C1-C4 = 0.1uF, TA = Tiun 10 Thmax, untess otherwise noted )

PARAMETER CONDITIONS MIN P TYP MAX | UNITS
EN Input Threshoid Low MAX242 . 1.4 08 v
EN Input Threshotd High MAX242 20 , 14 v
POWER SUPPLY
Operating Supply Voltage 4.5 55 \
No load MAX220 0.5 2
Vce Supply Current (SADN = Vee). MAX222/232A/233A/242/243 4 10
Figures 5. 6, 9. 19 3kQ load MAX220 T2 mA
both inputs MAX222/232A/233A1242/243 15
Ta = +25°C 0.1 10
) Ta=0°to +70°C . 2 50
Shutdown Suppty Current MAX222/242 Tas 20° 10 185°C > % pA
. Ta = -55% 10 +125°C 35 100
| SHDN Input Leakage Current MAX222/242 T *1 YA
SHON Threshold Low MAX222/242 T1d 0.8 v
SHON Threshold High MAX222/242 20 1.4 v
AC CHARACTERISTICS :
- - - - Cr = 50pF 1o 2500pF, :
AL = 3k to 7kQ, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Ve = 5V, Ta = +25°C, Vius
measured from +3V | AX220 15 3 30
to -3V or -3V to +3V
Transmitter Propagation Delay LT R 2aa /23N 2421243 : L 35
d MAX220 4 10
,Ig;:z AS-232 (nommal operation). o MAX222/232A/233A242]243 15 35 | U
MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay . PHLR MAXS20 06 3
ngrzzzlo TLL (normal operation), — MAX222232A 2 A3 05 3 us
MAX220 ' 08 3
Receiver Propagation Delay IPHLS MAX242 ' o0s 10
RS-232 to TLL (shutdown), Figure 2 | torps MAXZ42 25 0 us
Receiver-Output Enable Time, Figure 3 | 1gR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3| 1pg MAX242 " 160 500 ns
Transmitter-Output Enable Time MAX222/242, 0,1UF caps {
(SHON goes high), Figura 4 er | {inclubiés charge-pump stan-up) , 0 us
z:sr%n ;T:;;OIUOISUIF?OI::I: Time tor ’ MAX222/242, 0.1yF caps 600 ns
Transminter + to - Propagation . YPHLT - tPLAT MAX222/232A/1233A1242/243 , 300 ns
Delay Difference {normal operation) MAX220 * 2000
iver - i MAX222/232A/233A/242/243 100
g:;engilf;r?nc: r(cr,\.:rr?;tl‘?peraﬁon) IPHLR - IPLHR MAX220 225 ns
Note 2: MAX243 R2oy is guaranteed 1o be low when R2y is 2 OV or is flcating.
MAXIMN 3
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. tPun
s ~ s
* EXCEPT FOR R2 ON THE MAX243
WHERE -3V 15 USED.

Figure 2. Recaiver Propagation Delay Timing
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Figure 3. Receiver-Output Enable and Disable Timing

Figure 4. Transmitter-Cutput Disabla Timing
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Table 1a. MAX225 Control Pin Configurations

ERT ENA OPERATION STATUS TRANSMITTERS RECEIVERS
o] 0 Normnal Operation All Active . All Active
[0} 1 Nommal Operation All Active 1| All 3-State
1 o] Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State 'l Al 3State
Table 1b. MAX245 Control Pin Configurations
— OPERATION TRANSMITTERS RECEIVERS
ENT ENR
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
0 0 Normal Operation | All Active All Active All Active All Active
. . . RA1-RA4 3-State RB1-RB4 3-Stats
0 1 Normal Operation | Al Active All Active RAS Active RBS Active
. All Low Power All Low Power
1 o] 4 Shutdown All 3-State All 3-Stats Receiver Mods Receiver Mode
RA1-RA4 3-State RB1-AB4 3-State
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS Low-Power
Receiver Mode Receiver Mode
Table 1e. MAX246 Control Pin Configurations
OPERATION TRANSMITTERS RECEIVERS
STATUS TAL-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Normal Operation All Active All Active All Active AR Active
. . . RB1-RB4 3-State
0 1 Normal Operation | All Active All 3-State All Active RBS Active
1 0 |Shuidown A 3-State All Active PAVRpGZSEIS | Al active
RA1-RA4 3-State RB1-RB4 3-State
1 1 Shutdown All 3-Stats All 3-State RAS Low-Power RAS Low-Power
Receiver Mode Receiver Mode
{
12 MAXLN
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Detailed Description

The MAX220-MAX249 contain four sections: dual charge-
pump DC-OC voltage converters, RS-232 drivers, RS-232
receivers, and receiver and transmitter enable controf inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to =10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to double
the +5V input to +10V on C3 at the V+ output. The second
converter uses capacitor C2 to invert +10V to 10V on C4
at the V- output.

A small amount of power may be drawn from the +10V
{V+) and -10V (V-) outputs to power external circuitry
(see Typical Operating Characteristics), except on the
MAX225 and MAX245-MAX247, where these pins are not
available. V+ and V- are not regulated, so the output volt-
age drops with increasing load current. Do not load V+
and V- to a point that violates the minimum =5V EIA/TIA-
232E driver output voltage when sourcmg current from
V+ and V- to external circuitry.

When using the shutdown Ieature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240, MAX241,
and MAX245-MAX249 avoid using V+ and V- to power
external circuitry. When these parts are shut down, V-
falls to OV, and V+ falls to +5V. For applications where a
+10V external supply is applied to the V+ pin (instead of
using the internal charge pump o generate +10V), the
C1 capacitor must not be instalied and the SHON pin
must be tied to Vce. This is because V+ is internally con-
nected to VCc in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is 8V when
loaded with a nominal 5kQ2 RS-232 receiver and Vgg =
+5V. Oulput swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for +5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, VCC = +4.5V, and
maximum operating temperature. Unioaded driver output
voltage ranges from (V+ -1.3V) to (V- +0.5V).

input thresholds are both TTL and CMOS compatible. The
inputs of unused drivers can be left unconnected since
400kQ input puli-up resistors to Vcc are built-in. The pull-
up resistors force the outputs of unused drivers low
because ail drivers invert. The intemal input puli-up resis-
tors typically source 12pA, except-in shutdown mode
where the pull-ups are disabled. Driver outputs turn off and
enter a high-impedance state—where leakage current is
typically microamperes (maximum 25uA)}—when in shut-
down mode, in three-state mods. or when device power is
removed. Qutputs can be driven to x15V. The power-
supply current typically drops to 8pA in shutdown mode.

The MAX239 has a receiver 3-state control line, and the
MAX223, MAX225, MAX235, MAX236, MAX240, and
MAX241 have both a receiver 3-state control fine and a
low-power shutdown control. The receiver TTL/CMOS
outpuls are in a high-impedance, 3-state mode whenever
the 3-state ENable line is high, and are also high-imped-
ance whenever the shutdown control line is high.

When in low-power shutdown mode, the driver outputs are
turned off and their leakage cument is less than 1pA with
the dniver output pulled to ground. The driver output leak-
age remains less than 1pA, even if the transmitter output is
backdriven betwesn OV arld (VcC + 6V). Below -0.5V, the
transmitter is diode clamped to ground with 1kQ series
impedance. The transmitler is aiso zener clamped to
approximately VEC + 6V, with a series impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifications.
Typical slew rates are 24V/us unloaded and 10V/ps
loaded with 32 and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specrf' ications define a voltage level
greater than 3V as a loglc 0. so all receivers invert. Input
thresholds are set at 0.8V and 2.4V, so receivers respond
to TTL level inputs as well as EJIA/TIA-232E and V.28 levels.

The receiver inputs withstand an input overvoltage up to
+25V and provide input tegminating resistors with nominal
5kQ values. The receivers implement Type 1 interpreta-
tion of the fault conditions ¢f V.28 and EIA/TIA-232E.

The receiver input hyslere§is is typically 0.5V with a guar-
anteed minimum of 0.2V. This produces clear output tran-
sitions with slow-moving input signals, even with
moderate amounts of noise and ringing. The receiver
propagation delay is typically 600ns and is independent
of input swing direction.

Low-Power Receive Mode
The low-power receive-node feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shutdown
mode, but still aliows it to receive information. This is
important for applications \}vhere systems ate periodically
awakened to look for activily. Using low-power receive
mode, the system can still receive a signal that will acti-
vate it on command and prepare it for communication at
faster data rates. This operation conserves system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differing
only in that RS-232 cable fayh protection is removed on one
of the two receiver inputs. This means that control lines
such as CTS and RTS can either be driven or left floating
without interrupting communication. Diflerent cables are not
needed to interface with different pieces of equipment.

MAXLMN
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The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4v. its output goes pos-
itive only if the input is connected to a control line that is
actively driven negative. !f not driven, it defauits to the 0
or “OK to send” state. Nomally, the MAX243's other
receiver (+1.4v threshold) is used for the data line (TD or
RD), while the negative threshold receiver is connected
to the control line (OTR, DTS, CTs, RTS, etc.).

Other members of the RS-232 lamily implement the
optional cable fauft Protection as specified by EIA/TIA-
232E Specifications. Thisg means a recerver oulput goes

Shutdo AX222-MAX242
On the MAX222, MAX23s, MAX23s, MAX240, and
MAX241, ail receivers are disabled during shutdown. On
the MAX223 ang MAX242, two recsivers continue to

with no hysteresis. The MAX223 and MAX242 also have a
receiver putput enable input (EN) that allows receiver out-
pul contro! independent of SHDN. With all other devices,
SHDN also disables the receiver outputs,

The MAX225 provides five transmitters and five receivers,
while the MAX245 provides ten receivers ang eight trans-

power receive mode. Driver outputs enter a high-imped-
ance slate (three-state mode). On the MAX225, all five
receivers are controlied by the ENR Input, On the
MAX24S, eight of the receiver outputs are controlled by
the ENR input, while the remaining two receivers (RA5
and RBS) are always active, RA1-RA4 and RB1-RB4 are
putin a three-stata mode when ENR is a logic high.

Receiver and Transmitter Enable

Contro! Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable conirols,

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low.
Power receive (enabled receivers continue to function at
lower data rates). The receiver enable inputs control the

Driver:s/Receivers

lull-speed receive and three-state modes. The transmit-
ters have two modes of operation: full-speed transmit
(normal active) and three-state (disabled). The transmit-
ter enable inputs also contr:ol the shutdown mode. The
device enters shutdown mode when ail transmitters are
disabled. Enabled receivers function in the low-power
receive mode when in shutdown,

Tables 1a-1d define the control states, The MAX244 has
No contro! pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with two
contro! pins; each controlling one side of the device. A

The entire device is put into shutdown mode when both
the A and B sides are disabled (ENA = ENB < +5V).

The MAX247 provides nine rdceivers and eight drivers
with four control pins. The ENRA and ENRB receiver.
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs each contro}
four drivers. The ninth receive|r (RB5) is always active,
The device enters shutdown mode with a logic high on
both ENTA and ENTB, i

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTS transmitter enable inputs control four

mitters go into a three-state méde with a logic high on
both ENTA and ENTB.

0 into a three-
NTA and ENTE. In

shutdown mode, active receivers Operate in a low-power
feceive mode at data rates up 1o 20kbits/s.

Applications Information

Figures 5 through 25 show pin configurations ang typical
operating circuits. In applicatiot)s that are sensitive to

15
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Ordering Information (continued)
PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°C 1o +70°C Dice*
MAX222CPN 0°C to +70°C 18 Plasiic DIP MAX232AEPE  -40°C lo +85°C 16 Plastic DIP
MAX222CWN 0°C 10 +70°C 18 Wide SO MAX232AESE ~ -40°C o +85°C 16 Narrow SO
MAX222C/D 0°C lo +70°C Dice* MAX232AEWE  -40°C 10 +85°C 16 Wide SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX2324EJE  -40°C 10 +85°C 16 CERDIP
MAXZ22EWN -40°C to +85°C 18 Wide SO MAX232AMJE  -85°C 10 +125°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMLP  -55°C1o +125°C_ 20 LCC
MAX222MIN -55'C104125°C 18 CERDIP MAX233CPP 0°Cto+70°C * 20 Plasiic DIP
MAX223CA! 0°C 1o +70°C 28 SSOP MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CWI 0°C 10 +70°C 28 Wide SO MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice’ MAX233ACWP 0°Cto+70°C ' 20 Wide SO
MAX223EAl -40°C 10 +85°C 28 SSOP MAX233AEPP  -40°C 10 +85°C ' 20 Plastic DIP
MAX223EWI ~40°C to +85°C 28 Wide SO MAX233AEWP . 40°C 1o +85°C 20 Wide SO
MAX225CW! 0°C 1o +70°C 28 Wide SO MAX234CPE 0°C 10 +70°C 16 Plastic DIP
MAX225EW) -40°C 1o +85°C 28 Wide SO MAX234CWE 0°Cto+70°C , 16 Wide SO
MAX230CPP 0°Cto+70°C . 20 Plasric OIP MAX234C/D 0°C 1o +70°C Dice*
MAX230CWP 0°Cto+70°C . 20 Wide SO MAX234EPE 40°Clo +85°C ' 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice’ MAX234EWE -40°C 1o +85°C , 16 Wide SO
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP - -40°C10 +85°C - 20 Wide SO MAX234MJE -55°C10+125°C 16 CERDIP
MAX230EJP -40°C 1o +85°C 20 CERDIP MAX235CPG 0°C 1o +70°C 24 Wide Plastic DIP
MAX230MJP -55°Ct0+125°C 20 CERDIP MAX235EPG -40°C lo +85°C 24 Wide Plastic DIP
MAX231CPD 0°C o +70°C 14 Plastic DIP MAX235EDG -40°C 1o +85°C 24 Ceramic SB
MAX231CWE 0°C 10 +70°C 16 Wide SO MAX235MDG -55°C 1o +125°C © 24 Cerarmc SB
MAX231CJD 0°C 10 +70°C 14 CERDIP MAX236CNG 0°Cto +70°C 24 Narrow Piastic DIP
MAX231C/D 0°C to +70°C Dice* MAX236CWG 0°C1o+70°C § 24 Wide SO
MAX231EPD -40°C 10 +85°C 14 Plastic DIP MAX236C/D 0°C10+70°C ° Dige"
MAX231EWE -40°C 10 +85°C 16 Wide SO MAX236ENG -40°C to +85°C 24 Nanow Plastic DIP
MAX231EJD -40°C t0 +85°C 14 CERDIP MAX236EWG -40°C10+85°C ' 24 Wide SO
MAX23 1MJD -55°C10 +125°C 14 CERDIP MAX236ERG -40°C lo +85°C 24 Narrow CEROIP
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236MRG -55°Cto +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG ~ 0°C to +70°C 24 Narrow Piastic DIP
-MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide SO
MAX232C/D 0°Clo +70°C Dice” MAX237C/D 0°Cto +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG -40°C ta +85°C 24 Namow Pastc DIP
MAX232ESE -40°C 10 +85°C 16 Natrow SO MAXZ37EWG -40°C 10 +85°C 24 Wide SO
MAX232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C 1o +85°C 24 Narrow CERDIP
MAX232EJE -40°C 10 +85°C 16 CERDIP MAX237MRG -55°C 10 +125°C 24 Narrow CERDIP
MAX232MJE -55°Cto +125°C 16 CERDIP MAX238CNG 0°C to +70°C 24 Narfow Pastic DIP
MAX232MLP -55°Cl0+125°C 20 LCC MAX238CWG 0°Clo +70°C 24 Wide SO
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C lo +70°C Dice*
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238ENG -40°C to +85°C 24 Narrow Plastc DIP
MAX232ACWE 0°C 10 +70°C 16 Wide SO * Contact factory for dice specifications.
24 MAXIMN




Z2EXAR

FEATURES

0.01Hz to 300kHz
4.5V to 20v

® Wide Frequency Range

® Wide Supply Voltage Range

® HCMOSIT L/Logic Compatibility
® FSK Démodulation, with Carrier Detection

® Wide Dynamic Range 10mV to 3V ms
® Adjustable Tracking Range (+1% to 80%)

® Excellent Temp. Stability 100 ppmy/eC, typ.

the analog plus company™

"W@ .-; - B

XR-2211A
FSK Demodulator/
Tone Decoder

September 19964
APPLICATIONS

Caller Identificati n Delivery
® FSK Demodulatifn

Data Synchronization

® Tone Decoding
FM Detection

Carrier Detection

————

GENERAL DESCRIPTION

The XR-2211A is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications® It g Particularly suited for FSK modem
applications. It Operates over a wide Supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to

detection, and an FSK voltage Comparator which
provides FSK demodLilation, External components are
used to independentl) set center frequency, bandwidth,
and output delay. |An internal voltage reference
proportional to the power supply is provided at an output
pin.
The XR-2211A is available in 14 pin Packages specified
for commercial temperature ranges,

ORDERING INFORMATION

i

L Part No.

Package

Operating
perature Range

= .

[ =

L . XR-2211ACP J

14 Lead PDIp (0.300") - ]

D°C to +70°C ‘]

14 Lead SQIC (Jedec, 0.1507 [

0°C to +70°C ]

L XR-2211ACD I

CA 84538 ¢ (510) 668-7000 ¢ Ff\X (510) 668-7017

4

oM’

]




BLRGK DIAGRAM

Vee GND NC

OBNORNO

meliﬁer ] ) oo
INP ( 2 L
. ‘/ 0-(!)3°ept 3 ) LDF

TIM C1 .— Lock

Detect
vCo L 6 ) LboQ

Comparato
4
TIMC2 (13 . Quad /2
- 5 ) LDOQN
TIMR 0-Det [_{

Internal

VRer @ 1 Vrer ,L

- . Reference FSK Comp Do
COMP { 3

© © 0

Figure 1. XR-2211A Block Diagram
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PIN CONFIGURATION

Vee [
INP [Z]
JLoF [3]
GND [4]
LDOGN (5]
LooQ [s]
Do [z

14 Lead PDIP (0.300")

".—\J_

] '\} .

i !
| XR-2211A

st

E TIM C1t Vee :"1 11; L—_: TIM C1
13 TIMC2 INP =3[ 2 1“ 3 TIMC2
E TIMR LDF 33 12 |3 TIMR
1] LDO GND |4 4 |22 oo
(g VRer LDOON |5 19 [P VRer
5] NC Lboa =j|s =
3] comP| Do 7 =3 COMP 1

14 Lead SOIC (Jedec, 0.150™)

PIN DESCRIPTION

Pin# | Symbol Type |Description
1 Vee - Positive power supply.
2 INP | Receive Analog Input.
3 LDF o Lock detect filter. 1
4 GND - Ground pin. i
5 LOOQN O |Lock detect output not. This output will be low if the VCQ is in the capture range.
6 LDOQ (0] Lock detect output. This output will be high if the VCO is'in the capture range.
7 DO o Data output. Decoded FSK output.
8 COMP | ! FSK Comparator Input.
9 NC - Not connected.
10 VBEF o Intemnal voltage reference. The value of VREF is Vee/2 - B50mV. )
1 LDO (0] Loop detect output. This output provides the result of the, quadrature phase detection.
12 TIMR | Timing resistor input. This pin connects to the timing res rtstor of the VCO. )
13 TIM C2 ! Timing capacitor input. The timing capacitor connects bdtween this pin and pin 14, =
14 TIM C1 | Timing capacitor input. The timing capacitor connects bétween this pin and pin 13.

3
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DC ELECTRICAL CHARACTERISTICS

Test Conditions: V¢ = 12V, Ty = +25°C, R = 30KQ, Cq = 0.033pF, unless otherwise Qpeciﬁed.
4

Parameter ] Min. I Typ. J Max. [ Unit l Cobditions
GENERAL .
Supply Voltage 4.5 20 \) ;
Supply Current 5 9 mA Ro& 10kQ. See Figure 4.
Oscillator Section
Frequency Accuracy +3 . % Deyjiation from fo = 1/Ry Cy
Frequency Stability ’
Ten.'lperatur'e +100 ppm/°C |* S e Figure 8.
Power Supply 0.25 %IV Veg =12+ 1V. See Figure 7.
0.2 %W Vel = + 5.0V. See Figure 7.
Upper Frequency Limit 300 kHz Ro p 8.2k, Cy = 400pF
Lowest Practical
Operating Frequency 0.01 Hz Roz 2MQ, Cy=50QF
Timing Resistor, Rq - See Figure 5. ]
Operating Range 5 2000 KQ .
Recommenaded Range 5 100 KQ Se¢ Figure 7. and Figure 8.
Loop Phase Dectector Section 2
Peak Output Current +100 +200 +300 pA Me;zsured at Pin 11 o
| Output Offset Current +2 pA SRR
Output Impedance 1 MQ '
Maximum Swing +4 +5 \ Reterenced to Pin 10
Quadrature Phase Detector Méasured at Pin 3
Peak Output Current 300 pA
Output Impedance 1 MQ
Maximum Swing 11 Vpp 1
Input Preampt Section M¢asured at pin 2
Input Impedance : 20 KQ ]
Input Signal *
Voltage Required to
Cause Limiting 2 mVmms
Note: i |

- These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production,
- Bold face parameters are covered by production test.

]
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DC ELECTRICAL CHARACTERISTICS (Cont.)

-

XR-2211A

Test Conditigns: Vce =12V, Ta = +25°C, Ry = 30KQ, Cg = 0.033uF, unless otherwise shecified.

a

t’
[Conditions

Parameter l Min. l Typ. l Max. Unit

Voltage Coméarator Section

Input Impedarice 2 MQ Megsured at pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 d8 RL55.1KQ

Output Voltage Low 300 |- 500 mv  |lc=bma

Output Leakage Current 0.01 10 uA Vo z 20V

Internal Reference

Voltage Level 4.75 5.3 5.85 v Meadsured at pin 10
Output Impedance 100 Q AC Small Signal
Maximum Source Current 80 HA

Note:

- These parameters, although guaranteed over the recommended operating conditions; are not 100% tested in production.

- Bold face parameters are covered by production test.

Specifications are subject to change without notice

ABSOLUTE -MAXIMUM RATINGS

PowerSupply .................... .. ... ... .. 20v
Input SignalLevel ...................... .. 3V ms
Power Dissipation ....................... S00mwW

Plastic Package ... .. T 800mw
Derate Above{ly =+25°C ... . ... emweC
JEDEC SOIC ...... M 390mw
Derate Above Ja = +25°C ... ...... 5mwrec

¥
SYSTEM DESCRIPTION

The main PLLwithin the XR-2211A is constructed from an
input preampfifier, analog muitiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typically 10mV RMS are amplifiedtoa
constant high level signal. The multiplying-type phase
deétector acts as a digital exclusive or.gate. Its output
(unfiltered) produces sum and difierence frequencies of
the input and'the VCO output. The VCO is actually a

current controlled oscillator with its normal input current
(fo) set by aresistor (Rg) to ground and its driving current
with a resistor (R¢) from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VCO frequencies

(internally connected). iwhen in lock, these frequencies
are fin+ fyco (2 times i when in lock) and fiy - fyeo (OHz
when lock). By adding & capacitor to the phase detector
output, the 2 times fiy fFomponent is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. Thjis closes the loop and allows the
VCO to track the input frequency.

The FSK comparator i$ used to determine if the VCO is

driven above or bel
comparator). This wi
active lowoutputs to ind
(quadrature phase
comparator).

w the center frequency (FSK
produce both active high and
jcate when the main PLL is in lock
detector and lock detector

T QU

Py
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PRINCIPLES OF OPERATION

Signal Input, (pin 2): Signal is AC coupled to this
terminal. The interal impedance at pin 2 is 20KQ.
Recommended input signal level is in the range of 10mV

rms to 3V ms.
i

Quadrature Phase Detector Output (pin 3): This is the
high impedance output of quadrature phase detector and
is internally cdnnected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected to ground through a paralle combination of Rp
and Cp (see Figure 3.) to eliminate the chatter at lock
detect outputs: If the tone detect section is not used, pin 3
can be left opén.

Lock Detect butput, Q (pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes to “high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, Ry, to Vee for
proper operation. At “low” state, it can sink up to 5mA of
load current.

Lock Detect é_omplement, (pin 5): The output atpin 5 is
the logic complement of the lock detect output at pin 6.
This output is also an open collector type stage which can
sink 5mA of load current at low or “on” state. ’

FSK Data Outbut (pin 7): This output is an open collector
logic stage which requires a pull-up resistor, Ry, to V¢ for
proper operation. it can sink 5mA of load current. When
decoding FSK signals, FSK data output is at *high” or “off”
state for low input frequency, and at “low” or “on” state for
high input frequency. If no input signalis present, the logic
state at pin 7 is indeterminate.

FSK Comparator Input (pin 8): This is the high
impedance irput to the FSK voltage comparator.
Normally, an FSK post-detection or data fiiter is
connected befween this terminal and the PLL phase
detector output (pin 11). This data filter is formed by Rg
and Cg (see Figure 3.). The threshold voltage of the
comparator is set by the internal reference voltage, VReR
available at pin 10.

Reference Voitage, VRer (pin 10): This pin is intemally
biased atthe reference voltage level, VRrer: VRer = Vee /2
-650mV. The DC voltage level at this pin forms an intemnal
reference forthe voltage levels atpins 5, 8, 11 and 12. Pin
10 must be bypassed to ground witha 0.1 uF capacitor for
proper operatién of the circuit.

_VRer

72 EXAR

Loop Phase Detector'Output (pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and o
connected to pin 11 (seg Figure 3.). With no input signal,
or with no phase error within the PLL, the DC level at pin
11 is very nearly equal to Vgrer The peak to peak voitage
swing available at the phase detector output is equalto 2x

VCO Control Input L (pin 12): VCO' free-running
frequency is determineE by external timing resistor, Ry,
connected from this ferminal to ground. The VCO
free-running frequency,{fo, is:

__1
fo = By Ca (Hz

where Cy is the timing ¢apacitor across pins 13 and 14.
For optimum temperatgre stability, Ro must be in the
range of 10KQ2 to 100K$2 (see Figure 9.).

This terminal is a low impedance point, and is internally
biased at a DC level equal to Vrer The maximum timing
current drawn from pin {12 must be limited to < 3mA for
proper operation of the Lircuit.

VCO Timing Capacifor (pins 13 and 14): VCO
frequency is inversely pfoportional to the ex{ditsl timing
capacitor, Cq, connectéd across these terminals (see
Figure 6.). Co must be; non-polar, and in the range of
200pF to 10uF.

- VCO Frequency Adjusfment: VCO can be fine-tuned by

connectinga potentiomg‘ter, Rx, in series with Rg at pin 12
(see Figure 10.). ]

VCO Free-Running Frequency, fo: XR-2211A does not
have a separate VCO oytput terminal. Instead, the VCO
outputs are internally cbnnected to the phase detector

sections of the circuit. Fd
the VCO free-running ft

r set-up or adjustment purposes,
equency can be tuned by using

the generalized circuit
alternating bit pattern o

in Figure 3., and applying an
O’s and 1's at the known mark

and space frequencies} By adjusting Ry, the VCO can
then be tuned to obtain) a 50% duty cycle on the FSK
output (pin 7). This will Bnsure that the VCO fq value is

accurately referencedtq

the mark and space frequencies.

g M
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Input > ,
Signal

0 —_
>__L = - LDOQ
— Quad
B —] Phase - LDOQN
Detect

. Loop Data

FSK
Comp

o e
o—{>_ vco
Input

Preamp

o1

Lock Detect Lock Detect
Filter Comp

Filter Filter Fs

ool o oo R o

D: Lock Detect
Outputs f

Figure 2. Functional Block Diagram of a Tone and FSK Degoding System Using

XR-2211A

Vee
R
Ry
' SK
omp.
2 10 Iitemal
0.1uF ?eference
Ap
O.1pF : g__:
Ro =

Figure 3. Generalized Circuit Connection for
FSK and Tone Detection
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XR-2211A

DESIGN EQUATIONS

(All resistance in Q, all frequency in Hz and all capacitance in farads, unless otherwi

(See Figure 3, for definition of components)
1. VCO Center Frequency, fo:

L1
2 _ 1 _
o Rce

2. Intemal Reference Voitage, VRer (measured at pin 10);

Vieest = (% )—GSOmV in volts

3. Loop Low-Pass Filter Time Constant, :

T = 'Cy'Rpp (seconds)

where:

i_ RiRe
Ree (R, + R, )
if Rr is oo or Cg reactance is oo, then Rpp = R1
4. {oop Damping, -: -

- R1'C1

Note: For derivation/explanation of this equation, please see TAN-011.

5. Loop-tracking

bandwidth, t= g
[}
af _ Re
h R,
k Tracking — )
Bandwidth
< 'f f —>
L I l ] |
| | 1 1 o
fL fi fo f2 LEY

8

) o

Se specified)

EXAR

EM'
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5

6. FSK Data filter time constant, tF:

i
Rs - R
R Ce (seconds)

B
Teg= o—>2 F
F (Rs +
5

XR-2211A

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage aanss pin 10 and pin11, per unit of

phase error at phase detector input):

K, & VREF i R‘l volt
97" 10,000% | radian

Note: For denvation/explanation of this equation, please see TAN-011.

A
8. VCO conversion gain, Ko: (Ko is the amount of changein VCO frequency,

- A MR i . .

K. = 2 _ [ radian/second
0 VREF 'Co "R 1 - voit
9. The filter transfer function:
|
= 1 = =
F(s):— TTSR.C, at 0 Hz. S=Jwandw=0

10. Total loopigain. Ky:

=K K. - Re 1
Kr = KoKsFls) = (5, 000 Co (R, + RF))[secondsJ

11. Peak detgctor current Ia;

- VREF ; ;
Iy = 20, 000 (Vrer in volts and 1, in amps)

Note: For denivation/expianation of this equation, please see TAN-011,

per unjt of DC voltage change at pin 11):

TEOM™
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4
APPLICATIONS INFORMATION

FSK Decodirig

Figure 10. shows the basic circuit connection for FSK decoding. With reference fo Figure 3. and Figure 10., the
functions of extemal components are defined as follows: Ro and Cy set the PLL center frequency, R sets the system
bandwidth, arid Cy sets the loop filter time constant and the loop damping factor. C¢ and Rg form a one-pole
post-detectiortfilter for the FSK data output. The resistor Rg from pin 7 to pin 8 introdyces positive feedback across the
FSK comparagor to facilitate rapid transition between output logic states.

Design Instructions: ) t

The circuit of Figure 10. can be tailored for any FSK decoding application by the choit e of five key circuit components:
Ro: R4, Co, Cy and Cr Foragiven set of FSK mark and space frequencies, fo and fy, these parameters can be calculated
as follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless othefwise specified)

a) Calculate PLL center frequency, fo:

fo = V’F1‘F2 E

b) Choose value of timing resistor Ry, to be in the range of 10KQ to 100KQ. This choide is arbitrary. The recommended
value is Ry = 20KQ. The final value of Ry is normally fine-tuned with the series otentiometer, Ry.

Ro ';""' Ro + &(
2
c) Calculate value of CO from design equation (1) or from Figure 7.

= 1
CO':' RO' fo .

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).

‘e) Calculate 'C1 to set loop damping. (See design equation 4):
Normally, =0.5is recommended. 1

. 1250' Co
. Ry ¢2

a

Cy

‘ 0

1
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fy Theinputtd the XR-2211A may sometimes be too sensitive to noise conditions on the
a method of de-sensitizing the XR-2211A from such noisy line conditions by the

XR-2211A

input line. Figure 4. illustrates

se of a resistor, Rx, connected

from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level,

Vin minimum (peak) = V-V, = AV = 2.8mV offsef = vREF@—ZO%-gO,LR_) b,
’ - X.

4 s
Vin minimum (peak) input voltage must exceed this value to be detected (equivalent to
]

Vee s

To Phase
Detector

Vb

O lnptft ]_‘—2_4{ Va

20K 20K

l

I

|

Vrer [10}—
I

Figure 4. Desensitizing Input Stage

g) Calculate Data Filter Capacitance, Ce: 1

R.. = (Re + R)Rg
(R, + R+ Rg) - [
- 250 ; 1
Cr = R.m(Baud Rate) Baud rate in seconds - {

Note: All values except Ry can be rounded to nearest standard value,

i

11

— VREF
Ry = 20, ooo(Wq )

adjusting V threshold)

TEOM
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Design Example:

1200 Baud FSK demoduiator with mark and space frequencies of 1200/2204

Step 1: Calculate fy: from design instructions

(8) f, = /12002200 =1624

Step 2: Calculate Ro: Ry

6) Ry = 10 + (%) = 15K

Step 3: Calculate Cq from design instructions

4

o
4 Co = Tpotazg = 390F

Step 4: Calculate Ry : from design instructions

~ 2000016242 _
9 R = L2005 = 51,000

Step 5: Calculate Cy : from design instructions

= 1250-39nF _
(e) C, = 51000.082 = 3.9nF

Step 6: Calculate Re . R should be at least fi

Step 7: Calculate Rg : Rg should be at least fi
Step 8: Calculate Rsum:

ve times Ry, Rg = 51,0005 = 255 Kd]

= (Re+R)R, —
T R R, Ry = 240K

Step 9: Calcdiate Cf.

" C, = 250 {

= 1nF
(RsyyBaud Rate) g

=10K with a potentiometer of 1 OK. (See design instrucA

:

ve times Rg, Rg = 255,000-5 = 1.2 Mr’z

T~

e

g’ons (b))

Note: All values except Ry can be rounded to nearest standard value.

13
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i Figure 10. Circuit Connection for FSK Decoding of Caller Iden

(Bell 202 Format)

22 EXAR

V
R
e R,
1" 1.8m 5% 51K
ggp e Rg 178K 8 7 5%
se
[ Detect L ¢, 5% :(g'—’_l>_o_ Rata
L 27nF 1nF LT 1d%[1>Fox utput
= 5% 1 = Comp.
35.2K 10 | ¥
1% ntemna
vCco & ° 0.1uf[O Referer‘ce
14 13 20 ‘1—: .
1% §
Co .
27nF 5% vCOo {
Fine
Rx Tune [
20K
Quad =
Phase
Detect Lock 5
Detect
Comp.

tiﬁcation Signals

Vee
Rg ' 1 i
ANAA— Ry
Loo 1 R 8 5.1k
e P4l
ete c —
L I Ak ¢
= = Comp.
Ry 10
. Internal
Input 2 vco | 1 ‘
Signal >—i 0-1HF:_EC Referenie
0.1uF L
K 14 é‘ 13 Ro =
> Co
. ) Rx
{
= N> kDoQ
Quad 3
Bhtasc% m
etle
. 3 Lock 5 Lpoan
E getect
Ro Co omp.
Between 400K And 600K
' =
J . - .
Figure 11. External Connectors for FSK Demodulation with Carrier
Detect Capability
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' XR-2211A

8 3

7
FSK

Comp.
10
1% Intemal
’ 0.1 y.EJ:C Reference
L
= Vé .
!
VCO
Fine 3
Tune $ RL2 RL3
i 51K 5.1K
6 LDOQ |
N
4 Quad Logic Qutput
— Phase -
Detect 3 5 LDOQN )
Lock ]
Eéetect
CD omp.
4F§?,K 80nF

Figure 12. Circuit Connection for Tone Detectioh

FSK Decoding with Carrier Detect

The lock detect section of XR-2211A can be used as a
carrier detect ‘option for FSK decoding. The
recommended circuit connection for this application is
shownin Figure 11. The open collector lock detect output,
pin 6, is shorted to data output (pin 7). Thus, data output
will be disabled at “low” state, until there is a carrier within
the detection barid of the PLL and the pin 6 output goes
‘high” to enable the data output.

Note: Data Output is “Low” When No Carrier is Present.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, + fc.
This is the range of incoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. Itisfurther limited by C4. For most applications, fc
> /2. For Rp = 470K, the approximate minimum value
of Cp can be determined by:

1
4

Cp > %6? Cin uF and fin Hz.

CinyF and fin Hz.

With values of Cp that are too small, chatter can be
‘observed on the lock detect output as an incoming signal

frequency approaches; the capture bandwidth.
Excessively large values & Cp will slow the response time
of the lock detect outpu}l. For Caller [.D. applications
choose Cp = 0.1uF.

Tone Detection

Figure 12. shows the generalized circuit connection for
tone detection. The logic,outputs, LDOQN and LDOQ at
pins 5 and 6 are normalI)) at “*high” and “low” logic states,
respectively. When a toné is present within the detection
band of the PLL, the logi¢ state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink 5SmA of I6ad current,

Both outputs at pins 5 and 6 are open collector type
stages, and require extgrnal pull-up resistors R;» and
Ryi3, as shown in Figure /2.

With reference to Figures3. and Figure 12., the functions
of the external circuit components can be explained as
follows: Rg and Cq set VGO center frequency: R1 sets the
detection bandwidth; C4 $ets the low pass-loop filter time
constant and the loop da"nping factor.
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Design Instructions: l

The circuit of Figure 12. can be optimized for any tone detection application by the choice of the 5 key circuit
components: Rg, Ry, Cp, C; and Cp. For a given input, the tone frequency, fg, these parameters are calculated as

follows: ‘

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

current that the internal voltage reference can deliver. The recommended value is Rg = 20KQ. The final value of Ro

a) Choose value of timing resistor Ro to be in the range of 10KQ to 50KQ This chcgce is dictated by the max./min.
is normally fine-tuned with the series potentiometer, Ry. :

b) Calculate value of Cq from design equation (1) or from Figure 7. fg = fq:

4

= 1
CO B Ro'fs

¢) Calculate Ry to set the bandwidth + f(See design equation 5):
Ry fe2

R, = D2

- Af

-

| Note: The total detection bandwidth covers the frequency range of fy +Af
d) Calculate value of Cq for a given loop damping factor:
Normally, =0.5is recommended.

1250-C,
R;¢?

C, =

Increasing C4 improves the out-of-band signal rejection, but increases the PLL capture time.
e) Calculate value of the filter capacitor Cp - To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

16 :
CD >' @—f C in ‘uF

increasing Cp slows down the logic output response time,

Design Examples:

Tone detector with a detection band of + 100Hz:

a) Choose valué of timing resistor Rq to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
currentthat the internal voltage reference can deliver. The recommended value is Rg = 20 KQ. The final value of Rg
is normally fine-tuned with the series potentiometer, Ry.

; b) Calculate value of Co from design equation (1) or from Figure 6. fg = fg:
1]

f

=1 _ 1 =
Co= r,;7 = 200007000 = 50F

16
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c) Calculate R to set the bandwidth + f (See design equation 5):

VNI A Gantem e amemass o

R - Rofoe2  20,000-1,000-2
LY 100

= 400K

Note: The total detection bandwidth covers the frequency range of fy +Af %
d) Calculate value of Co for a given loop damping factor:
Normally, = 0.5is recommended.

c. = 1250Cy _ 1250-50-10-
! R,¢c? 400, 000-0.52

= 6.25pF

: 1
Increasing C4 improves the out-of-band signal rejection, but increases the PLL c'apture time.

e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, w?h Rp = 470KQ, Cp must be:
i

1
CD=;-?, zio%zsom:

increasing Cp slows down the logic output response time.

f) Fine tune center frequency with 5KQ potentiometer, Ry. [

Re

0.1yF
100K , 5 4 :'=-E
Loo; 11 8
Phage —OI—— 7 ....L Cr 2 —0
Detect C T Demodulated
:_E FSK = 1 LM324 Output
- Comp

Ry 10 N
12 Intemnal |
%_D‘ \/olo) ().1»1}':_]:(’L Reference =
o1 T |

1

M0 . 14 13 Ro =
nput T .
; Co 6
> L > LDOQ
== Quad i
- y hase = LDOGN
etect 5
Lock
' Detect
Comp.

|
i
! !
}

Figure 13. Linear FM Detector Using XR-2211A and an Extérnal Op Amp.
(See Section on Design Equation for Component lues.)
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XR-2211A

Linear FM Detection

XR-2211A can be used as a linear FM detector for a wide
range of analog communications and telemetry
applications. The recommended circuit connection for
this application is shown in Figure 13. The demodulated
output is taken from the loop phase detector output (pin
11), through a post-detection filter made up of Rg and Cp,
and an external buffer amplifier. This buffer amplifier is
necessary becayse of the high impedance output at pin
11. Normally, a non-inverting unity gain op amp can be
used as a buffer amplifier, as shown in Figure 13.

~650mV). For the chmceF

Yo
A

EXAR

The FM detector gain, i. €. the output voltage change per

unit of FM deviation can:be given as:;
Vo = Ry Vier
0T ™ 100R,

where VR is the internal feference voltage (Vrgr = Vee 12
of external components Ry, Rq,

Cp, C4 and C, see the $ection on design equations.

e  E———— it S B —— !
1 REF
' Voltage G GD I }
I OUTU‘ [nput { l
10 2
} Hi | | B '
| | Fiok ok e o s
4 B
[ | . | Lock Detect
t
I 20K | f | Outputs
; - | | —}—o 5
I l
| ©¢ | i |
T — ) I I
Internal Voltage Input Preamplifier Quadrature Lock Detsct
Reference and Limiter Phase Detector Comparater
CET oo e o T e e e i
I ZK% | S% g |
| | l |
l ! ﬁz | |
| | ¥ e [ -
B! A | A B | Fsk |
| ] From Loop l Comparator |
| 13 ¢cot4 | vco Deta, rl Input 7
l B A Outp I l
] | | Fsk
| # | | | Data
{ | | | Ovtut
4 Ro fimi } % ‘ 1I 42 :
O
Gound| ____ __ _ ] O A, -
Voitage Controlled Loop Phass Detector FSK Comparator

Osciflator

Figure 14. Equivalent Schematic Diagram
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- XR-2206

Monolithic

- 222 EXAR |
/ ...the analog plus company™ | Function Generator
July 1896-2

FEATURES APPLICATIONS
& \Waveform Generation

o Low-Sine Wave Distortion 0.5%, Typical
e Excellent Temperature Stability 20ppm/°C, ® Sweep Generation
Typical .
e Wide Sweep Range 2000:1, Typical * AM/FM Generation ]
o Low-Supply Sensitivity 0.01%V, Typical @ V/F Conversion 1
e linear Amplityde Modulation o FSK Generation
o TTL Compatible FSK Controls
* Wide Supply Range 10V to 26V ® Phase-Locked Loops (VCO)
e Adjustable Duty Cycle 1% TO SS%

GENERAL DESCRIPTION

The XR-2208 ;s a monolithic function generator The circuit is ideally} suited for communications,
integrated circuit capable of producing high quality sine, instrumentation, and fdnction generator applications
square, friangle, ramp, and pulse waveforms of requiring sinusoidal ton%AM, FM, or FSK generation. It

high-stability and accuracy. The output waveformscanbe  hasa typical drift specification of 20ppm/°C. The oscillator
both amplitude and frequency modulated by an extemal  frequency can be linearl swept over a 2000:1-frequency
voltage. Frequency of operation can be selected range with an external control voitage, while maintaining
externally over a range of 0.01Hz to more than 1MHz. low distortion.

ORDERING INFORMATION

Part No. Package Operatin g Temperature Range
XR-2206M coIP -55°C tg +125°C
XR-2206P : PDIP O°C£ to +70°C
XR-2206CP PODIP 0°C to +70°C
XR-2206D SOIC (JEDEC) 0°C to +70°C
Only in Wide Body .3"

©1972
EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 & (510) 668-7017
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. 722 EXAR

—— Dy —— ——— ® SEA———— b

-

Vcce GND  BIAS

{
TC © @ i 11) SYNCO
Yo tm—
Timing | IJ l
CAPACITOR veo >
— 1e2 ———- e l i
|
i
Rt (D———
TMinG [ .
RES'STORf__ CURRENT . MULTIPLIER 1
TR2 SWITCHES AND SINE " 2) sTO
' SHAPER
Fski (9

amsi (1 : >(3) Mo
WAVEAT (13

WAVEA2 (14)

SYMAT (15—

E

" sYmaz (8- ‘

> —

Figure 1. XR-2206 Block Diagram.
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AMS! [T]
sTo [2]
Mo [3]
Vee [
TC1 [5]
Tc? [&]
TR1 [7]
TR2 [3]

BIEN

SYMA2
SYMA1
WAVEA2
WAVEA1
GND
SYNCO

BIAS
FSKI

EIEEIRIELE]

16 Pin PDIP, CDIP

[ S L. ]

XR-2206

AMS|
STO
MO =
Vee &
TC1 =3
TC2 &
TR1 B
TR2

QNOUQAUN-A

16
15
14
13
12
1
‘10
9

SYMA2
3 SYMA1
3 WAVEA2
F— WAVEA1
3 GND
= SYNCO
= BIAS
3 FSKI

16 Pin sOIC (JEDEC)

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI| | Amplitude Modulating Signal Input.
2 STO (@] Sine or Triangle Wave Output. .
3 MO O Multipiier Qutput,
4 Vee - Positive Power Supply.
5 TC1 i Timing Capacitor Input. '
6 TC2 ] Timing Capacitor Input. ‘
7 TR1 O Timing Resistor 1 Output.
8 TR2 (@] Timing Resistor 2 Output.
9 FSKi I Frequency Shift Keying Input. !
10 BIAS ®) Intemal Voltage Reference.
11 SYNCO O Sync Output. This output is a open collector and needs a pu up resistor to V.
12 GND - Ground pin.
13 WAVEA1 ! Wave Form Adjust input 1.
14 WAVEA2 I Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 ] Wave Symetry Adjust 2.

3

—y,
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E DC ELEQTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2. Vee = 12y, Ta=25°C, C = 0.01uF, Ry = 100k, Rz = 10kQ, R; = 25k0
unless otherwise specified. S; open for triangle, closed for sine ave.
XR-2206M XR-2206C
PARAMETERS MIN | TYP | MAX | MIN | TYP | MAXT] uNiTs I CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10 26 Vv
Split-Supply Voltage +5 #13 +5 #13 \
Supply Current 12 17 14 20 mA Ry > 10kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MHz{ [C= 1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Ry =2MQ
Frequency Accuracy *1 +4 +2 % of fol (£, = 1/RC
Temperature Stability +10 +50 +20 PPM/°C, [0°C < T, <70°C
| Frequency . Ry =Ry =20kQ
A Sine Wave Amplitude Stability 4800 4800 ppm/°C | See Note 2.
' Supply Sensitivity 0.01 0.1 0.01 %NV | Viow = 10V, Viygy = 20V,
R{=Ry=20kQ
- Sweep Range. 1000:1 | 2000:1 2000:1 fH=f. Ify@R, = 1kQ
fL@Ry=2MQ
= Sweep Linearity ) 4
" 10:1 Sweep % fL = 1kHz, fy = 10kHz
, 1000:1 Sweep % fL = 100Hz, fy = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing
Components
Timing Capacitor C 0.001 100 ] 0.001 100 uF Figure 5,
Timing Resistors: R1 &Ry 1 2000 1 ’ 2000 kQ ;
“rlangle Sine Wave Output ?ee Note 1, Figure 3.
Triangle Amplitude : 160 160 mV/kQ | Rigure 2,, S1 Open
Sine Wave Amplitude 40 60 80 60 mVv/kQ j gure 2., S; Closed
Max. Output Swing 6 6 Vp-p 1
- Output Impedance 600 600 Q
Trangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
ine Wave Distortion {
Without Adjustment 25 2.5 % Ry =30kQ
With Adjustment 04 | 10 05 | 15 | % |sekFigure7. and Figurs

ture range.

TEOM"
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XR-2206

XR-2206M XR-2206C
PARAMETERS MIN | TYP ] MAX | MIN ] TYP | MAX | UN[TS CONDITIONS

Amplitude Modulation }

Input Impedance 50 100 50 100 ks%

Moduiation Range 100 100 %

Carrier Suppression 55 55 d%

Linearity ) 2 2 %; For 95% modulation
Square-Wave Output :

Amplitude 12 12 szia Measured at Pin 11,

Rise Time 250 250 nsec |Cp = 10pF

Fall Time - 50 50 nsec |C_ = 10pF

Saturation Voitage 0.2 04 0.2 0.6 \% IL=2mA

Leakage Current 0.1 20 0.1 100 uA Vee = 26V
FSK Keying Level (Pin ) 0.8 1.4 2.4 0.8 1.4 2.4 \Y | See section on circuit controls
Reference Bypass Voltage 2.9 3.1 3.3 2.5 -3 3.5 \Y . Measured at Pin 10.

,

Note 1:
Note 2:

Output ampilitude is directly proportional to the resistance, R,
For maximum amplitude stability, Ry should be a positive te

i

on Pin 3. See Figufe 3.
mperature coefficient S‘esistor.

ABSOLUTE MAXIMUM RATINGS

PowerSupply ........ ... .. .. ... .. ... ... 26V
Power Dissipation .................. ... .. 750mwW
Derate Above25°C ................. ... .. SmwieC

1
Specifications are subject to change without notice I
|
|

Total Timing Current . .§
Storage Temperature .}
f

&

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground, Wi
output frequencies can
FSK generation applica

3

be independently produced for

h two timing' pins, two discrete

tions by using the FSK input

control pin. This input coEtrols the current switches which
select one of the timing resistor currents, and routes it to
the VCO. :

TOM'
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— N\ SQUARE WAVE

\ ] I
£=0.01uF
r' .
2 [
\ R=1MQ
g .| M| Re2ka_
i R=200KQ RET0KQ| S i
& R=200KQ \
s 0 L’)-i\_ —
> R=10KQ . oo € Pn7 —
5 R=2KQ \mg\ rRe €T < org | -
g <] T ST —6——
F . R=1KQ \ i Ve Vi .
-2 .
R=1KQ \ = SR v ”
3 [N L
50 25 0 25 50 75 100 125 =
AMBIENT TEMPERATURE (C°)
. . . ., i,
Figure 8. Frequency Drift versus Figure 10. Circuit Conneftlon for Frequency Sweep.
Temperature.
Vee
L_L .
LW
4
1 16
= | MULT. .5 S };Losso FOR SINEWAVE
c ) AND X i
T SINE 14 ,
6 T| | SHAPER S t
' 1 200
)9(_ L/H
7 | | CURRENT l
8| | SWITCHES k 2 / gm@"ﬁk&OR
M R K v " OUTPUT
11 -
R

OUTPUT
10_]_1 2 3 XR-2206
= Ra3 10K i N
+ 50K
T w
= + Ved
10pF
Vee o——-‘w~——~v;[-"|-
5.1K 5.1K

Figure 11. Circuit.tor Sine Wave Generation without Externa} Adjustment.

(See Figure 3. for Choice of R3)
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Vce
L 1F |
: 4 SYMMETRY f\DJUST
5
= MULT. KL Re | |
; c o AND 15 = Sy CLOSED FOR SINEWAVE
F= SINE 14 i'
RC 6
= | [SHAPER St ml
9 13 % A
264
7] | CURRENT . TRIANGLE OR
R 1K 8]]swmeHes +1 SINE WAVE
1 % 1 ) QUTPUT
= \ / T SQUARE WAVE
R 10412 |3 K
L2 3. xR2206 ¢ | i
+ > 50K j
1uF
:.—1_-—: Vee
10uF ;
Vee [i f

Figure 12. Circuit for Sine Wave Generation with Minimum Harn
(R3 Determines Output Swing - See Figure 3.)

1onic Distortion.

1uF X
1 16
=+ X
T MULT. S5
F c AND
>2V_,— 1 T ] Vi SINE 14
*| | SHAPER
V= R 13 2oo_,
FSK INPUT) 3 A .
1, 7] | CURRENT 2
: | 'R 8| | Swirches '+1> —< FSK OUTPUT
= kL :
F1=1/R1C
F2=1/R2C CIEENE Rs XR-2206
. 50K
14F ¢
Tw Tl
10pF
Vcc°—-W~——*~‘Lll'
51K 5.1K

Figure 13. Sinusoidal FSK Generator
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Vee
1
' 2[4
L 'wF f= E[R, +RJ
1 4
«16 = !
5 DUTY CYCLE R TR,
MULT.
c ve AND w15
6 SINE X14 l
*| |sHAPER
9 x13 I
Ry 7l | current 2 )
r té\?: 8] | SwiTcHes + 3 —( SAWTOOTH OUTPUT
L
. = 1| < PULSE OUTPUT
Uy Iy R
10]12 [3 XR-2206
= R')s( 5.1K
+ > 24 {
1uF 2‘ t
j’-‘:-": e + } Vee
10uF
VCCO_—W_J—'\A‘L"' I
5.1K 51K '
!
;
Figure 14. Circuit for Puise and Ramp Generi'tion.
{
1

Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing

resistors, Ry and R,, connected to the timing Pin 7 and 8,

respectively, as shown in Figure 13. Depending on the

polarity of the logic signal at Pin 9, either one or the other
! of these timing resistors is activated. if Pin 9 is

open-circuited or connected to a bias voltage > 2V, only
| Ry is activated. Similarly, if the voltage level at Pin 9 is
1 <1V, only Ry is activated. Thus, the output frequency can
« be keyed between two levels. f; and f5, as:

1 fy = 1/R4C and f2=1/RC

" For split-supply operation, the keying voltage at Pin 9 is
, referenced to -,

Output DC Level Control:
¥
{ The dc level at the output (Pin 2) is approximately the
 same as the dc bias at Pin 3. In Figure 11., Figure 12. and
, Figure 13., Pin 3 is biased midway between V+ and
 ground, to give an output dc level of = V*/2.

|

10

APPLICATIONS lNFORLIATION

Sine Wave Generation !

Without External Adju ment:

Figure 11. shows the cir¢uit connection for generating a
sinusoidal output from thle XR-2206. The potentiometer,
R¢ at Pin 7, provides the, desired frequency tuning. The
maximum output swing fis greater than V*/2, and the
typical distortion (THD) s < 2.5%: If lower sine wave
distortion is desired, aldditional adjustments can be

provided as described in the following section.

The circuit of Figure 11. can be converted to split-supply
operation, simply by reg}aalcing all ground connections
with V. For split—supply‘ operation, R3 can be directly
connected to ground. ]

|
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the extemal resistor, R;, connected to Pin 3 (see
Figure 3.) For sine wave output, amplitude is
approximately 60mV peak per kQ of R; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
R3. Thus, for example, R; = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

i
!

12

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

VR Ve 1" 15V2 5§ 14 166 13

RIREIRRIE

22 EXAR

It i i, g

at Pin 1 is approximately TOOkQ. Output amplitude varies
linearly with the applied vpitage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vgc/2 as shown in
Figure 6. As this bias Ieve}l approaches Vg¢/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This prop%rty is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55d8.

CAUTION: AM control myst be used in conjunction with a
well-regulated supply, since {he output amplitude now becomes
a function of Vec.

rY
—e
o
®
®

o i st S c—— Lt T

Figure 15. Equivalent Schematic Diagram
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General Description
The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying

DAC designed to interface directly with the 8080, 8048,
8085, ZBO®, and other popular microprocessors. A deposit-
od sificon-chromlum R-2R resistor tadder network divides
the reference current and provides the clreuit with excelient
temperature tracking characteristics (0.05% of Full Scale
Range maximum fineasity error over temperature). The cir-
cult uses CMOS current switches and control logic to
achleve low power consumption and low output leakage
current errors. Special cireuitry provides TTL loglc input volt-
age level compatibliity.

Double buffering allows these DACs to output a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any num-
ber of DACs.

The DACO830 serles are the 8-bit members of a family of -
microprocessor-compatible DACs (MICRO-DAC™™). For ap-
plications demanding higher resolution, the DAC1000 serles

&National Semiconductor

DAC0830/DAC0831/DAC0832 8-Bit uP
Compatible, Double-Buffered D to A Converters

Features i

W Double-buffered, single-buffered or
data inputs

W Easy Interchange and pin-comp?ﬁbla with  12-blt

DAC1230 series
® Direct Interface to all poputar mit:rop(J

February 1995

flow-through dightal

0Cessors

R Linearity specified with zero and full
NOT BEST STRAIGHT LINE FIT.

B Works with + 10V reference-full 4-qutdrant

multiplication
® Can be used in the voltage switching
& Loglc inputs which mest TTL voltagg
logic threshoid)
® Operates “STAND ALONE™ (without

pcale adjust only—

mode
fevel spacs (1.4V

11P) it desired

W Available in 20-pin small-outline or i
package

Key Specifications

olded chip carrier

(18-bits) and the DAC1208 and DAG1230 (12-bits) are avail- ™ Current settiing time 18
able alternatives. ® Resolution ! 8 bits
u Linearity 8, 9, or 10 bits
(guaranteed over temp.)
¥ Gain Tempco 0.0002% FS/°C
) . B Low power dissipation 20 mW
m....'": ':m,,r Vool b u Single power supply 5to 15 Vpg
Typical Application
* CONTAD: $15 *Aliows easy upgrade to 12-bit DAC1230,
E‘_ +V0C {»15Vp2)
M e 1
{ : [
H oy, [T w2 K > 1
E B0 (13 ST o ™ -0 Your I
beo 3" p
T
"0 gUs Wi = 3
TUH/S008~1
Connection Diagrams (op views)
Dualkin-Line and Molded Chip Carrier ackage
Smali-Outiine Packages
0 —1® P 1This is necessary for the ry
PR 1 kg TR ATTERY 12:5it DAC1230 series to { Dl (58)
b0 —4s L parmit interchanging from 2-lp
e up— ¥ an 8-bt to a 12:bit DAC oo
" =43 wp— 0, 100
g b with No PC board changes N
e tw N % and no software changes,
| - 13— oy puem Ses applications section.
LY ti T lun
&d n NP T./H/6608-22
TL/H/6608-21

©1995 Nesonal §emiconductor Comporation  TU/M /5608

H!TDMMI‘ISIIMMMU. SA

slqnedwo) 4 yg-g ¢E800VA/1£800VA/0E800VQ

Si8)IaAU0) v 0} O paseng-ajqnoq ¢



Absolute Maximum Ratings (otes 14 2)
it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Supptly Voltage (Veg)

Voltage at Any Digital Input

Voltage at VReg Input

Storage Temperature Range

Package Dissipation

17 Vpe

Vg to GND
+25v

—65°Cto + 150°C

Lead Temperature (soldering, 10 sec.)

Dual-In-Line Package (plastic)
Dual-In-Uine Package {ceramic)
Surface Mount Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

- et mafon o

i

Operating Conditions I
tMlNSTASTMAX
'+ 0°Cto +70°C
0°Cto +70°C

Temperature Range
Part numbers with 'LCN’ suffix

at To=25"C (Note 3) [} 500 mW
DC Voliage Applied to

louTs of loyt2 (Note 4) =100 mVto Voo
ESD Susceptability (Note 14) 8soov

Part numbers with 'LCWM’ suffix

Part numbers with ‘LCV’ suffix

Part numbers with ‘LCJ’ suffix

Part numbers with ‘LJ’ suffix
Voltage at Any Digital input

260°C
300°C

215°C
220°C

0°Cto +70°C
Lw-c to +85°C

—fs*c to+

125°C

Vee to GND

Electrical Characteristics VREF = 10.000 Vpg unless otherwise noted. Boldtace limits apply (iver tempera-

ture, Tpgn<Ta <Tmax. For all other limits T = 25°C.

Vee = 4.75 Vpe Vee = 5 "DC 5%
‘ Vee = 15.75 Vpe | V¢ = 12 ¥oc £5%
See | 'CC to 15Vpe £5% | Limit
Parameter Conditions
Note; - Tested Units
Typ Limit Desigr{ Limit
(Note 12) {Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Resolution 8 8 8 bits
Linearity Error Max Zero and full scale adjusted 48 |
~ 10V VRge< + 10V J
DACO0830LJ & LCJ 0.05 0.05 % FSR
DAC0832LJ & LCJ 0.2 0. % FSR
DACOB30LCN, LCWM & LCV 0.05 005  |%FSR
DAGO0831LCN 0.1 0. % FSR
DAGOB32LCN, LCWM & LCV 0.2 O.k % FSR
Difterential Nonlinearity Zero and full scale adjusted 4,8 ]
Max —~10V<VRer< | 10V
DACO830LJ & LCJ 0.1 O.II % FSR
DAC0832LJ & LCJ 0.4 o5 % FSR
DAGOB30LCN, LCWM & LoV 0.1 0.1 % FSR
DACDB31LCN 0.2 o.b % FSR
DAC0832LCN, LCWM & LCV 0.4 0.4 % FSR
Menotonicity ~10V<VRer L&LGY 4 8 5 bits
B < +10V LCN, LCWM & LCV 8 bits
Gain Error Max Using Internal Ry, 7
—10V<Viers £ 10V +02 +1 4 %FS
" . %
Galn Error Tempcd Max Using internal Ry, 0.0002 o.oqoe FS/°C
Power Supply Rejection Al digital inputs latched high :
* Veo—14.5V to 15,5V 0.0002 | 0.0025 %
11.5Vto 12.5v 0.0006 ‘ FSR/V
N 4.5Vio0 5.5V 0.013 0.015 1
Reference Input Max 15 20 26 ko
Min 15 10 ) k0
Output Feedlhrou!gh Etror VReg= 20 Vp-p, f= 100 kHz 3 i mvi
All data inputs latched low I i

M G o e




B

ture, Tiin<Ta S Tmax. For all other limits T4 = 25°C. {Continued)

i
i
Electrical Characteristics VREF = 10.000 Vpc unless otherwise noted. Boldface limits apply o%er tempera-

_ Vee=12Vpet5% _ cc=5Vpe
Seo Vec=15.75Vpe to 15 Vpe 5% Vec=4.75Vpe L5% Lt
Symbo! Parameter Conditions Note T Tested Design T Tested |{ Design |Units
. t‘;’: | Limit Limit mot‘;’: 2| Lmit |} Limit
Mote 12)l Note 5] (Note 6) (Note 5)|  (Note 6)
AC CHARACTERISTICS
tg Current Setting VIL=0V, V=5V 1.0 1.0 s
Time L
tw Write snd XFER [V =0V, Viy=5v| 11 | 100 250 ars 600
Pulse Width Min 9 320 320 900 |, 900
tos Data Setup Time [V} =0V, ViH=5V| 9 100 250 375 600
Min 320 320 900 900
toH DataHold Time  |Vj =0V, Vj;=5V| 9 30 50 ne
Min 30 850
tcs Control Setup Time| V) =0V, V=5V 9 110 250 600 900
Min 320 320 1100 1100
teH Control Hold Time Vi =0V, Viy=5V, 0 0 I
. Min 9 0 o 10 0 ° l
Note 1: Ab Maxd, Ratings indi limits beyond which damag mmdovlcemayoccw.bCaMACelecﬂa}spedﬂcaﬂomdomtg ply when opecating
the device bayond lts specified operating conditions.
Note 2: ANl voltages are measured with respect to GND, uniess otherwise specified.
Note X The power di must be & d at el d temp s and is di dby Tauax. 84, and the fe Ta. The
powaer di ion at any t I8 Pp = (Tyuax ~ Ta)l/8u of the number given in the Absolute Mand Ratings, which is lower. For this
dwbo.Tm-!ZS'Clphsﬁc)OrISO'C(ceramlc).lndmotypiw‘ Hon-t bient th 6 of tho J package when board d iy 80°C/W. For
the N package, this number in to 100°C/W and for the V package this number is 120°C/W. I
Note 4: For curent switching applications, both foutt and loyrz must go 1o ground or the “Virtual Ground™ of an operational smpliifier. The finearity eror is

degradsd by approximately Vos + Vaer. For exampls, if VREF = 10V thena 1 mV offset, Vgg, on outs of loyrz will introduce an additional G.01% finearity eror.

Note 5: Tested limit3 are guaranteod to National's AOQL (Average Outgoing Quality Level).
Note 6 Guaranteed, but not 100% production tested. These limits are not used 1o calcidate outgoing quality levels.
Note 7: Guarantesd at Vper= 110 Vg and Vagr= 11 Voc }

Note & The unit “FSR" stands for “Full Scale Range.” "Linearity Error” and “Power Supply Rejection” $pecs are based on this unit 1o eliminale dependence on a
particular Vaer value and to indx the frue perf of the part. The “Linearlly Error” specification of the DAC0830 is “0.05% FSR (MAXY”. This
guaranteas that after performing a zero and full scalo adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within

0.05% XVger of & straight line which passes through zero and Rill scale.
Noh!:dehcomMﬁnhwuymﬂwumLCJsufﬁxpmonly.

Note 10: A 100nA leakage current with Rpy= 20k and Vpep= 10V comesponds to a zero eror of (100X 10-9x 20X 103) X 100/10 which Is {
Note 11: The entire write puise must occur within the valld data Interval for the specified ty, 1os. toH, and tg to apply.

Note 12 Typicals are at 25°C and rep most ikely p ic nomm.

Note 13 Human body model, 100 pF discharged through a 1.5 k2 resistor. I‘

02% of FS.
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Switching Waveform

DATA Q[T

louny tovmz

Definition of Package Pinouts

Contr‘ol Signals (All control signals level actuated)

CS: Chip Select (active low). The GS in combina-
tion with ILE wifl enable WR;.

{LE: input Latch Enable (active high). The ILE in
comblination with S enables WA,

WR;: Write 1. The active low WR; is usad to load the
digital input data bits (DI) into the input fatch.
The data in the input latch is latched when WR{
Is high. To update the input latch—CS and WRy
must be low while ILE is high.

WRz  Write 2 {active low). This signal, in combination
with XFER, causes the 8-bit data which is avall-
able in the input latch to transfer to the DAC

register.
XFER: Transfer ‘control signal” (active’ low). The -
. XFER will enable WR,.
Other Pin Functions

Dio-Dl:  Digital Inputs. Dig Is the least significant bit
(LSB) and DIy Is the most significant bit (MSB),

lourr:  DAC Current Output 1. loyry Is a maximum
for a digital code of all 1's in the DAGC register,
and is zero for all 0’s in DAG register,

louts: DAC Current Output 2. loyTs is a constant
minus loyty, or loyty + louT2=constant (1 ful
scale for a fixed reference voltage).

Rpy: Feedback Reslstor. The feedback resistor is
provided on the IC chip for use as the shunt

VREF:

" GND:

TL/H/56808-2

|

feedback resistor for lhe' external op amp which is
used to provide an ou!put voltage for the DAC.
This on-chip resistor should always be used (not
an extemnal resistor) sinfe it matches the resistors
which are used in the erchip R-2R ladder and
tracks these resistors oyer temperature.
Reference Voitage Inptt. This input connects an
external precision voltade source to the intemal R-
2R ladder. VRer can be Selected over the range of
+10 to —10V. This is glso the analog voitage in-
put for a 4-quadrant mi tiplying DAC application.
Digltal Supply Voltage. This is the power supply
pin for the part Vg car be from +5 1t + 15Vpe.
Operation is optimum for + 1 5Vpe.

The pin 10 voitage mu%t be at the same ground
potential as loyt4 and ioyTs for cument switching
applications. Any differshce of potential (Vog pin
10) will result in a line change of

Vos pin 10
3VRer
For example, if Vper 5 10V and pin 10 is 9mV
offset from Ioyty and l?UTZ the linearity change
will be 0.03%.

Pin 3 can be offset +100mV with no finearity
change, but the logic input threshold will shift.

o e e e B
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Linearity Error

ANALOG OUTPUT

ANALDS OUTPUT

r ACTUAL

OEAL RESPONSE

i
{
!
l
i

bz LS8 ERAOR SAND

1158 ERROR

ANALOS OUTPYT

DISTTAL INPUT DIGITAL iNPUT DiGsTAL eyt
i TUH/5608-3
a) End point test after b) Best straight line c) Shifting 1s ad}. to pass
zero and fs ad]. best straight line test
t
Definition of Terms !

Resolution: Resolution is directly related to the number of
switches or bits within the DAC. For example, the DAC0830
has 28 or 256 gieps and therefore has 8-bit resolution.
Linearity Errot: Linearity Error Is the maximum deviation
from a straight kine passing through the endpoints of the
DAC transter characteristic. It is measured after adjusting
for zero and full-scale. Linearity error is a parameter intrinsic
to the device and cannot be extemnally adjusted.

National's linearity “end point test” (a) and the “best
stralght line" test (b,c) used by other suppliers are illustrated
above. The “end point test” greatly simplifies the adjust-
ment procedure by eliminating the need for multiple itera-
tions of checking the linearity and then adjusting full scale
until the Enearity Is met The “end point test” guarantees
that linaarity is met after a single full scale adjust. (One ad-
justment vs. muitiple iterations of the adjustment) The “end
paint test” uses a standard zero and F.S. adjustment proce-
dure and is & much more stringent test for DAC linearity.
Power Supply Sensitivity: Power supply sensitivity is a
measure of the effect of power supply changes on the DAC
full-scale output.

Settling Time: Settling time Is the time requifed from a code
transition unti} the DAC output reaches within + 14LSB of
the final output value. Full-scale settling timé requires a zero
to full-scale or full-scale to zero output cha ge.

Full-Scale Error: Full scale error is a meastre of the output
error between an ideal DAC and the actud) device output.
Ideally, for the DAC0830 saries, full-scale i VRer —1LSB.
For VRep=10V and wnipolar operation, {VryLL.scale=
10.0000V—39mV = 9,961V, Full-scale emoriis adjustable to
2ero, !

Difterential Nonlinearity: The difference bptween any two
consecutive codes in the transfer curve fro11 the theoretical
1 LS8 Is differential nonlinearity.

Monotonic: if the output of a DAC lncreast for Increasing
digital input code, then the DAC is monotonc. An 8-bit DAC
which Is monotonic to 8 bits simply means that increasing
digital input codes will produce an increasfné analog output.
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FIGURE 1. DAC0830 Functional Diagram
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Typical

Performance Characteristics
Digital input Threshold

Digital Input Threshold

1

Galrl and Linearity Error

. v8. Temperature vs. Voo Varigtion vs. Temperature
4 24 01 1 l
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DAC0830 Series Application Hints '

These DAC's are the industry’s first microprocessor com-
patible, double-buffered 8-bit multiplying D to A converters.

Double-buflering allows
from a digital controf point

pin for pin

the utmost application flexdbility
of view. This 20-pin device is also

compatible (with one exception) with the

DAC1230, a 12-bit MICRO-DAC. In the event that a sys-

es. For the simplest 8-bit
to Ve (also see other

no hardware or software chang-
application, this pin should be tied
uses in section 1.1),

Analog signal controf versatility is provided by a precision R-
2R ladder network which allows full 4-quadrant multiplica-

tion of
digital word.

range bipolar reference voltage by an applied

1.0 DIGITAL CONSIDERATIONS
A most unique characteristic of these DAC's is that the 8-bit

digital nput

byte is double-buffered. This means that the

data must transfer through two Independently"cmtrolled 8-
bit fatching registers before being epplied to the R-2R lad-

der network 1o change the analog output.

The addition of a

second register atlows twa useful control features. First, any

DAC in a system

can simultaneousty hold the current DAC

data tn one register {DAC registen) and the next data word in

the second register (input register) to

allow fast updating of

the DAC output on demand. Sacond, and probably mare

fmportant, double-buffering allows

any number of DAC's ina

system to be updated to their ’ew analog output levels
simultaneously via a common strabe signal.

The Biming requirements and logij: level convention of the
register control signals have beer] designed to minimize or
eliminate external interfacing Iog‘c when applied to most
Popular microprocessors and de\(elopment systems. It is
easy to think of these converters gs 8-bit “write-only” mem-
ory locations that provide an analpg output quantity. All in-
puts to these DAC's meet TTL voltage level
also be driven directly with high vo’tage CMOS logic in non-
microprocessor based systems. To prevent damage to the
chip from static discharge, all unijbed digital inputs should
be tied to Vee or ground. If any jof the digital inputs are
inadvertantly left floating, the DA interprets the pin as a
logic 17,

1.1 Double-Butfered Operation

Updating the analog output of thesg DAC’s in a double-buff-
ered manner is basically a two step or double write opera-
tion. tn a microprocessor system {two unique system ad.
dresses must be decoded, ona for fhe Input latch controlled
by the TS pin and a second for the DAC latch which is
controlled by the XFER fine, |f mocrf than one DAC is being

driven, Figura 2, the TS line of ea DAC would be
decoded individually, but alf of the onverters could share a
common XFER address to allow

s;multanecus updating of
any number of DAC's. The timj for this operation is
shown, Figure 3.

it is important to note that the
change after g simultaneous tran

DAC's whose input register had b
command.

inalog outputs that wil
er are those from the
n modified prior to the
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FIGURE 2. Controlling Mutiple DACs
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FIGURE 3

The ILE pin is an active high chip select which can be de-
coded from the address bus as a qualifier for the normal &3
signal generated during a write operation, This can be used
to provide a higher degree of decoding unique controf sig-
nals for a parficufar DAC, and thereby create a more off-
cient addressing scheme,

Another useful application of the ILE pin of each DAC in a
mmultiple DAC system is to tie these inputs together and use
this as e contral line that can effectively “freeze” tha qut.
puts of all the DAC’s at their present value. Pulling this line
fow fatches thé inpt register and Prevents new data from
being written to the DAC. This can be particularly useful in
multiprocessing systems ta allow a processor other than the

L

one controfling the DAC’s

1o take over céntrol of the data

bus and controf fines. if this second system were to uso the

same addresses as those decoded for DA

a different purpose) the ILE function
DAG'’s from being erroneously altered.

In a “Stand-Alone™ systam the cantral gi

control (but for
uld prevent the

als are generat-

ed by discrete logic. In thig case double-puﬁedng can be

controlled by simply taking TS and XFER 1
ta a loglc "1 and pulling WH; low to load|

—_—

latch. Pulling WA iow will then update the

alogic "0, ILE
data to the input
nalog output. A

togic 1" on efther of these fines wifl prevpm the changing

of the analog output.

|
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DAC0830 Series Application Hints (continued)
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FIGURE 4

1.2 Single-Butfered Operation

In a microprocessor controffed system where maximum
data throughput to the DAC is of primary concem, or when
only one DAC of several needs to be updated at a time, a
single-buffered configuration can be used. One of the two
intemal registers aliows the data to fiow through and the
other register will serve as the data latch.

Digital signal feedthrough (see Section 1.5) is minimized If
the input register is used as the data latch. Timing for this
mode is shown in Figure 4.

Single-buffering in a “stand-alone” system Is achieved by
strobing WR, fow to update the DAC with CS, WR; and
XFER grounded and ILE tied high.

1.3 Fiow-Through Operation

Though primarily designed to provide microprocessor inter-
face compatibility, the MICRO-DAC's can easily be config-
ured to allow the analog output to continuousty reflect the
state of an applied digital input. This Is most useful in appli-
cations where the DAC is used In a continuous feedback
control loop and is driven by a binary up-down counter, or in
function generation drcuits where a ROM is continuousty
providing DAC data.

Simpty grounding CS, WR;, WAz, and XFER and tying ILE
high aliows both intemal ragisters to follow the applied digi-
tal inputs (flow-through) and directly affect the DAC analog
output -

1.4 Control Signal Timing

When interfacing these MICRO-DAC to any microprocessor,
there are two important time relationships that must be con-
sidered to insure proper operation. The first s the minimum
WR strobe puise width which fs specified as 900 ns for afl
valid operating conditions of supply voltaga and ambient
temperature, but typically a pulse width of only 180ns is
adequate i Voo=15Vpe. A second consideration is that
the guaranteed minimum data hold time of 50ns should

OATA
LATCHED
TL/H/5608~7

—— s G e

be met or erroneous dala can be fatched. This hold time Is
defined as the length of time data t be held valid on the
digital inputs after a qualified (vlaﬁ) WR strobe makes a
low to high transition to fatch the dpplied data.

If the controlling device or system Hoes not inherently meet
these timing specs the DAC can be treated'as a slow mem-
ory or peripheral and wutifize a techpique to extend the write
strobe. A simple extension of the write time, by adding a
wait state, can simultaneousty hold the writs strobe active
and data valid on the bus to saﬁsfx the minimum WR pulse-
width. If this does not provide a syfficient data hold time at
the end of the write cycle, a negétive edge triggered one-
shot can be included between the' system write strobe and
the WR pin of the DAC. This is illt&trated in Figure 5 for an
exemplary system which provides'a 250ns WR strobe time
with a data hold time of less than ]wns.

The proper data set-up time prior to the tatching edge (LO to
Ht transition) of the WR strobe, Isfinsured if the WH pulse-
width is within spec and the data ig valid on the bus for the
duration of the DAC WH strobe, T

1.5 Digital Signal Feedthrough

When data is latched in the intemnal registers, but the digital
inputs are changing state, a narrbw spike of current may
flow out of the current output termipals. This spike is caused
by the rapid switching of internal, fogic gates that are re-
sponding to the input changes. |

There are geveral recommendatloltus to minimize this effect.
When latching data In the DAC, aly ys use the input regis-
ter as the latch. Second, reducing the Voo supply for. the
DAC from +15Vto +5V offers a factor of 5 improvement in
the magnitude of the teedthrougl), but at the expense of
internal logic switching speed. Fi y, increasing Co (Figure
8) 1o a value consistent with the”actual circuit bandwidth
requirements can provide a substhnfial damping effect on

any output spikes. _ N

|
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2.0 ANALOG CONSIDERATIONS
The fundamental purpose of any D to A converter is to pro-
vide an accurate analog output quantity which is representa-
tve of the applied digital word. In the case of the DAC0830,
the output, loyry, Is a curent directly proportional to the
product of the applied reference voltage and the digital input
word. For application versatllity, & second output, loyTg, is
provided as a current directly proportional to the comple-
ment of the digital input. Basically:
oo+ o VREE x‘mgita: Input
OUT1 ™ I5kn™ 258 °

Ve , 255—Digital input
OUT2™ {5 ka1 256

where the digital input s the decimal (base 10) equivalent of
the applied 8-bit binary word (0 to 255), VRer is the voltage
atpin 8 and 15 k Is the nominal value of the Internal resist-
ance, R, of the R-2R ladder network (discussed in Section
2.1).

Several factors external 0 the DAC itself must be consid-
ered to malntain analog accuracy and are covered in subse-
quent sections.

2.1 The Current Switching R-2R Ladder

The arvalog circuitry, Figurs 6, consists of & silicon-chromi-
um (SiCr or Skchrome) thin film R-2R ladder which is depos-
ited on the surlate axide of the monolithic chip. As a resuly,
there are no parasitic diode problems with the ladder (as
there may be with diffused resistors) so the reference voit-
896, Vrer, can range —10V to + 10V even if Vce for the
device is 5Vpc.

The digital input code 10 the DAC simply controls the posi-
tion of the SPDT cument switches and steers the avallable
fadder current to'either loyTy of loyT2 @s determined by the
logic input level (“1" or “0") respectively, as shown in

f TL/H/5608-8

FIGURE 5. Accommodating a High Speed System I

Figure 6. The MOS switches operate in thé cument mode
with a small voltage drop across them and can therefore

switch cusrents of either polarity. This is the basis for the 4-
quadrant multiplying feature of this DAC.

2.2 Basle Unipolar Output Voltage

To maintain linearity of output current with thanges in the

applied digital code, it is important that the voltages at both
of the current output pins be as near g d potential
(OVpe) as possible. With Vge= +10V ev ry millivolt ap-
pearing at either loyTy or IoyTz Will cause aD.01% linearity
error. In most applications this output current is canverted to
a voltage by using an op amp as shown in Figure 7.

The inverting input of the op amp is a 'Virtual(;'ound" creat.
ed by the feedback from its output through lthe intermat 15
k2 resistor, Ryy. All of the output current (determined by the
digital input and the reference voltage) will f pw through Ry,
to the output of the amplifier. Two-quadran operation can
be obtained by reversing the polarity of Vrer thus causing
lour1 to flow into the DAC and be sourced ;rom the output
of the amplifier. The output voltage, in either 56, Is always
equal to Ioyty X Ry, and is the opposite polatity of 1he refer-
ence voltage. ?

The reference can be either a stable DC voltage source or
an AC signal anywhere In the range from J1ov o +10V.
The DAC can be thought of as a digitally confrolled attenua-
for: the output voltage Is always less than br equal fo the
applied reference voltage. The Vger termingd! of the device
presents a nominal impedance of 15 k! to dround to exter-
Always use the internal Ry, resistor o create an output volt-
age since this resistor matches (and tracks:with tempera-
ture) the value of the resistors used to generate the output
current {loyry). T
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DAC0830 Series Application Hints continued)
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2.3 Op Amp Considerations

The op amp used in Figure 7 should have offset voltage
nulling capability (See Saction 2.5).

The selected op amp should have as low a value of input
bias current as possible. The product of the bias curent
times the feedback resistance creates an output voltage er-
ror which can be significant in fow reference voltage appfi-
cations. BI-FET op amps are highly recommended for use
with these DACs because of their very low input current,
Transient response and settling time of the op amp are im-
portant in fast data throughput applications. The largest sta-
bifity problem is the leedback pole created by the feedback
resistance, Rp, and the output capacitance of the DAC.
This appears from the op amp output to the (—) input and
Includes the stray capacitance at this node. Addition of a
lead capacitance, Cg In Figure 8, greatly reduces overshoot
end ringing at the output for a step change in DAC output
current.

Finally, ‘the output voltage swing of the amplifier must be
greater than Vper to allow reaching the full scale output
voltage. Depending on the loading on the output of the am-
piifier and the available op amp supply voltages {only +12
volts in many development systems), a reference voltage
lass than 10 volts may be nacessary to obtaln the full ana-
{og output voltage range.

2.4 Blpoler Output Voitage with a Fixed Reference

The addition of a second op amp to the Pprevious circuitry
can be used to generate a bipolar output voltage from a
fixed reference voltage. This, in effect, gives sign signifi-
cance to the MSB of the digital input word and allows two-
quadrant multiplication’of the reference voltage. The polarity
of the reference can aiso be reversed to realize full 4-quad-
rant multiplication: +VgggX + Digital Code= +Vouyr. This
circult is shown in Figure 9.

This configuration features several mprovements over ex-
Isting circuits for bipolar outputs fwith other multiplying
DACs. Only the offset voltage of amgliﬁer 1 has to be nulied
to preserve linearity of the DAC. Thé offsst voltage error of
the second op amp {although a constant output voltage er-
ror) has no effect on linearity. it should be nulied only if
absolute output accuracy is required. Finally, the values of
the resistors around the second ajnplifier do not have to
match the intemal DAC resistors, they need only to match
and temperature track each other. A thin film 4-resistor net-
work avallable from Beckman Instuments, Inc. (part no.
694-3-R10K-D) Is ideally suited for #his application. These
resistors are matched to 0.1% and exhibit qnly 5 ppm/*C
reslstance tracking temperature coefficient Two of the four
avallable 10 kN resistors can be Paralleled to form R in
Figure 9 and the other two can bel sed independently as
the. resistances labeled 2R. :

2.5 Zero Adjustment

For accurate conversions, the ian! offset voltage of the
output amplifier must always be nulled. Amplifier offset or-
fors create an overall degradation of DAC linearity.

The fundamental purposa of zeroind is to maka the voltage
appearing at the DAC outputs as near OVpc as possible.
This is accomplished for the typical BAC— Op amp connec-
tion. (Figure 7) by shorting out Ry, fthe amplifier feedback
resistor, and adjusting the Vg nulliﬁg potentiometer of the
op amp until the outpit reads zero, voits. This is done, of
course, with an applied digital code of all zaros if louTy is
driving the op amp (all one’s for IglT2). The shor around
Ryy, is then removed and the conve\}ljer is zero adjusted.

"
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DACO0830 Series Application Hints (continued)

o<vme < B

_—
O +15¥c Ay=~4

FIGURE 14. Bipolar Qutput with Increased Qutput Voltage Swing

.

=Vam |
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Note: For these curves, VRer Is the voltage ap-
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LM494

‘General Description

The LM494 Is a monolithic.integrated: circuit which includes
all the ngcessery building biocks for the design of pulse
width modulated (PWM) switching power supplies, including
push-pull, bridge.and series.configurations.. The device ean
operate at switching frequencles between 1.0 kHz and
300°kHz and output voitages up to 40V. The operating tem-
perature range spacified for tha LM494C.is 0°C-t0. 70°G. and
for the LM494V is —40°C to +85°C.

NNational Semiconductor

| Pulse Width Modulated Control Circuit

June 1989
¥
|
Features {
® Uncommitted output transistors capable. of 200 mA
source or gink 1
N On-chip error amplifiers |

B On-chip 5.0V reference

m intemal protection from double pulsing of outpuls with
nasrow pulse widths or with supplr voltages below
specified limits

= Dead time control comparator

= Output control selects single ended Q¢ push-pull opera-

tion
& Easily synchronized {slaved) to other Lircuits
{ Block Diagram
PULSE STEERWG o
FUP FLOP CONTROL
¢
Q1
1
2
a2 1
"
T l_'—‘vm
SOVREF v
o
“COMPENSATION/PWd
COMPARATOR INPUT
. FL/H/10058-2
{ Connection Diagram Ordering Information
16-Leed DIR Device- Package Pacikage-
Code Code Description
LM494IN N16A Malded DIP
LM494Cy J16A Ceramic DIP
LM494CN N16A Molded DIP
¢
8
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Top View

UNSNIQ [O4UOD PRIBINPON YIPIM 9SINd PEHIN T

©1955 Netional Semicondxcior Coporation  TL/H/10086

D-B30OM11E/Printedin UL 8. A_

A, il s st 31 . s e



Absolute Maximum Ratings : H
it Mllttary/Aerﬂspaca spectlied devices are required, Output Collector Voltage 42V
piease contact the National Semiconductor Sales Peak Collector Current i
Office/Distributers for availabllity and specifications. (1 and Ico) 250 mA
Storage Temperatwe Range ESD Susceptibility {to be determined)
Ceramic DIP ~65Cto +175°C
Molded DIP —65°Cto +150°C Recommended operating
Opeorating Température Range .
“ndustne (LMZ!MaD s ~40°Cto +85°C Conditions
Commercial {LM494C) 0*Co +70°C Power Supply Voltage (Vec) 7.0Vio 40V
Lead Temperature Voltage on Any Lead
Ceramic DIP (Soldering, 60 sec.) 300°C except Leads 8 and 11
Molded DIP {Soldering, 10 sec.) 265°C {Referenced to Ground) (V) =0.3Vgo Voo + 0.8V
Internal Pawer Dissipation (Notss. 1, 2) Qutput Voltaga Collactar {Mc4, Vo) —0.3Vto 4Qv
16L-Ceramic DIP 1.50W Output Collector Current (Igy, Icg) 200 mA
16L-Molded DIP 1.04W Timing Capacitor (C1) 470 pF t0 10 uF
Surply \;oﬂag: Lost 1o oo 2V Tining Resistor (A7) 1. } KR to 500 k2
'oltage from a roun ;
(etztg:ept Lea dr;yan d Lead 11) Ve + 0.3V Oscillator Frequency (fnse) 1.0%&Hz to 300 kHz
LM494

Electrical Characteristics 1, = 0G0 +70:C 1o the LM494C, T = —40°Cto +85°C for the L4941, Vo =
15V, fosc = 10 kHz, unless otherwise specified

Symbol. | Parameter | Conditions | min | typ [ Max [ vntis
REFERENCE SECTION
Vaer Reference Voltage (Note 3) | Ipgr = 1.0mA 475 | 50 | 625 ] v
Reguine gnef:zzﬁ:{n;; ;L 7.0V < Ve < 40V . 20 [ 25 iy
TEVRer ;’;n::;zteu:o?g;ﬂdem of - 0*C < Ty < 70°C - 0.0 003 | %rc
RegLoap | Load ‘Regulation of 1.0mA < lper < 10mA 10 L 18 my
Reference Voltage ST . )
1os ‘Output Short Tlreult Currerit | VReg = OV 0°C <Tp < +70°C 10 35 | 50 ° mA
—40°C < Tp < +85°C 35
-OSCILLATOR SECTION .
- fosc Osciflator Frequency - €7 = 0.0t uF, " 40 KHz
(Figure 10} | By =12kn ] ]
Afosc Oscilfator Frequency Change ~C1 = 0.01 pF, 0°C < Ta < +70°C 2.0 o
Rr = 12kn —40°'C < Tp < +85°C , 20
DEAD TIME CONTROL SECTION
he@on | InputBias Curent "Vog = 15V, OV < Vg < 5.25V ' -20 || —10
DCax) | Maximum Duty Cydle, Voc = 15V, Lead 4 = OV, 45 “
Each Outpur * Ouiput Control = Vger : 3
¥y | InputThresholdWoltage | Zero Duty Gycle : %0 | 83 {
Maximum-Duty:Cycle- -6 3
-ERROR AMPLIFIER SECTIONS }
Vio - Input Difset Voltage. . Vg =25V . .20 |10 | mv
o _{ Input Qffset Current V3 = 2.5V q 25 | 250 nA
s input Blas Current . V3 = 25V ) 02 [ 1.0 pA
Vic | {Zflgg c:ogn;;: Mode 1 70v < vee < a0v J 03 YV | v
Avs Larga Signal Voltage Gain | 0.5V < V5 < 25V 60 [ 74 [ " dB
BW Bandwidth i 650 1 kHz




LM494

Electrical Characteristics 7, = 0°cto +70°C for the Li4s4c, Ta= —40°Cto +85

Vo = 15V, fosc = 10 kHz, unless otherwise specified (Continued)

!
i
% for the LM4g4,

Symbol l Parameter I Conditions l Min I Typ I Max { Units
PWM COMPARATOR SECTION (Flgure 9) 1
VTHi Inhiblt Threshold Voltage Zero Duty Gycla 4.0 4.5 \4
lo~ Output Sink Current 0.5V £ V3 £ 35V _ _
(Note 4) 0.2 ) 0.6 mA
ot Output Source Current 0.5V < V3 < 3.5V
(Note 4) 20 mA
QUTPUT SECTION .
Vegsay | Output Saturation Vg = 0V, 0°C s Ty < +70°C |
*1 Vollage Common Emitter Ic = 200 mA ~40"C < Tp < +85°C 1.1 13
Configuration (Figure 3) Y
Emitter Follower Ve = 15V, Ig = 200 mA 15 25
- Conflguration (Figure-4)- .
loety Collector Off-State Current Voo = 40V, Ve = 40V . 20 100 sA
lg(om Emitter Off-State Current Voo = Vo =40V, | 0°C < Tp < +70°C, —~100
- Vg =0 —40°C £ To S +85°C | A
OUTPUT CONTROL (Flgure 6) i
Voct | Output Control Voltage .
Required for Single Ended or s 0.4 v
Parallel Output Operation
VocH | Output Controd Voltage
- Required-for Push-Pull 24 I v
Operation .
TOTAL DEVICE }
lce f Standby Power Supply Current l , l 6.0 l 10 l mA
OUTPUT AC CHARACTERISTICS Use Rocommendod Operating Conditions with T, = 25°C l
t | Rise Time of Output Voltage ' )
.. | Common Emitter Configuration 100 200
(Figwre 3) K ' ns
Emitter Follower Configuration |
100 200
- (Figure 4} N :
4 Fall Time of Output Voitage :
Common Emitter Configuration 25 | 100
(Figure 3) . ns
Emitter Follower Configuration
. 40 100.
(Flgure 4) 1

Note & Ty mgx = 150°C Tor the Molded DIP, and 175°C for the Ceramic DIP.

Note 2: Ratings apply to amblent tamperature at 26°C. Above this temporature, derate the 16L-Ceramic DIP at 10 mW/*C, and thal16L-Mdded DIP at 8.8 mw/~C.

Note 2 Sek d devices with tigr d rof voltage jlab
Noul:'l’hmhiuapptywtmﬂmvonagomeasureduLeadSiswmnmermgespeclﬁed.
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Functional Description

The basic oscilator {switching) fraquency is controlied by an
external resistor (Ry) and capacltor (Cy). The relationship
between the velues of Rr, Cr and frequency Is shown in
Flgure 10.

The level of the sawtooth wave form Is compared with an
atror voitage by the pulse width modulated comparator. The
output of the PWM Comparator directs the pulse steering
fllp-fiop and the output control logic.

The error voltage is generated by the error ampiifier. The
error amplifier boosts the voltage difference between the
output end the 5.0V internal relerence. See Figure 7 lor
-error amp sensing techniques. The second error amp is typl-
cally used to implement current-limiting.

The output control logic selects aither push-pull or single-
ended opaeration of the outpul transistors (see Figure 6').
The dead time control prevents on-state averlap of the out-
put ransistors as can be seen In Figure 5. The dead time is
approximately 3.0% or 5.0% of the total period if the dead
time control is grounded. This dead time. can ba increased
by connecting the dead time control to a voltage up to 5.0V.
The frequency response of the error amps (Figure 11) can
be modified by using external resistors: and capacitors:
These components are typically connected between the
compensation terminal and tha Inverting input of the error
amps.

The switching frequency of two or more LM494 circuits can
be synchronized. The timing capacitor, Cr, is connected as
shown in Figurs 8. Charging current Is provided by the mas-
ter circuit. Discharging Is through all the circuits staved to
the master. Rt is required only for the master circuil.

Test Circuits

TL/H/10066-3
FIGURE 1. Error Amplifier Test Circuit

TL/H/10056~4
FIGURE 2. Current Limit Sense
Amplifier Test Circuit
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FIGURE 3. Common Emitter Con:s'euraﬂon
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FIGURE 4. Emitter Follower COn:'ii-zuraﬁon
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Typical Applications

3 Ct

* —>q; 2.4V ¢ Voe § Vi = C1
out Q! 3] Q1
CONTROL 1 hg_. B
11 €2 (nosoommx L i1
{ ouT b €2
2 CONTROL —-@:
06 Voe €047 TR Ty FE’-
TL/H/10058- 10
FIGURE 6. Output Connections for Single Ended
and Push-Pull Configurations
: T0 OUT Var
3 YOLTAGE OF
SYSTEM .
< . R2
3 . 1{18) 3 ERROR
4 AP
ERROR s -
2(15) | ANP
Vier 4— - NEGATIVE QUT VOLTAGE
>
SR ~
= B!)
_L POSITIVE OUT YOLTAGE. ¥y = gy (1+21) Yo=Veer (&F

TLMH/10058-12

FIGURE 7. Error Amplifier Sensing Techniques

( SLAVE
(ADDIONAL
CIRCUMS)

FIGURE 8. Slaving Two or More Control Circuits
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Typical Applications (coninued)

R e i L

Vee
VRD' !l
G | G :
L 3
TO REMAINDER - TO REMAINDER ‘
OF ERROR ] OF ERROR
AMPUFIER b ANPLFIER }
Cieumr - CIRCUIT
- - i

TO COMPENSATION /PWM
COMPARATOR IN
LEAD 3

" @ |

TU/H/10068-15
FIGURE 9. Error Amplifier and Current Limit 1
Senso Amplifier Qutput Circults H
Typical Performance Characteristics
'
o NI o =] 100, —
w10k S o Voo 515V
- T Ta=0% to} g ¥ Aigdsov
T 1k N "o 0°C )y . ® Ty =¢5°%C
x4 h N, 4N ]| 5 9 N E :
g A0k Qo7 = o m— & \
N a 60
1.0 ~~ N g
E N 9 N, ‘ l . ﬁ 50
pe 400 i1l ] ©
E, = -~ N, N g \
3 100 (- K A 5 % \
B w s g = A
= & u A
10 J' l N 0 i
10k 140k 10k 40k 400k 400k 14 00 1k 1k 10| tou
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TL/H/10056-18 TL/HI10056~37
F'GU%E’}?;MC:‘S;:'::;:Z?”W FIGURE 11. Amplifier Vottage Gain vs Frequency
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Voltage Waveforms

% VOLTAGE
AT Ct

YOLTAGE
AT €2

YOLTAGE
ATy
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N
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2ERQ OUTY

Cre .
THRESHOLD POINT i
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N /
LEAD 3
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TUHI‘!OOSG-‘IB
Physlcal- Dlmenslons inches (millimeters) ?
{
0.785
[19.94) MaX !
16 k] !
{
0.220~0.31¢
[5.59~7.37]
g 0.025 !
[6:64] 0.005-3.020..
20574000 R [o.1350.57) TYP .
v.00s [o.9420)13) TP §;390-0.320
[0.13] —o’ -~ 0-05520.005 | 7.57-8.13]
N e - I [1.403 0.13] PLASS SEALANT
0.200 )
1
u[;o:vjp fi

0.01040.00

I .zseo.osf e
0.125-

0.20
[3.18-5.08] TYP

' 859250 )
ote i ! TP g i
0; :
w{rﬁ'g]o:‘x = -' ' ] 0:016+0.003 9.310-0.41
: 9 7.87-10.41
0.1000.619 [0-4610.00] TP I °

[2.542025) TP

J16A (rev 1)
" 18-Lead Ceramic Duakintine Package (J)
Order Number IM494Cy
NS Package NumberJ16a
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