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FUNCTION GENERATOR CONTROLLED BY MICROCONTROLLER

By : Chana Sriwan 41013168
Somkid Janthong 41013236

Adviser : Dr. Suriphol Somkuanpanit

Abstract

The most function generator operate with analog circuit. All function
control by user in analog type. This thesis presents idea and circuit design
about function generator controlled by microcontroller. This function generator
can produce 5 wave form such as since, sine, triangle, rectangular, pulse and
sawtooth. Frequency rang are 10Hz — 3MHz, Amplitude are 0V — 20V, Duty
cycle are 15% — 85% and Offset voltage are 0.0V — 5.0V. All function control
by digital circuit and user can assign with keypads. For display system use

LCD dot matrix module.
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® OQutput waveform : sine,triangle,rectangular,sawtooth,pulse
@® Frequency Range: 10Hz — 10MHz
® OQutput Level (analogue) : 20V,
@ Display : LCD Mmatrix Display
® FM Modulation : fo & 70%
® FM Sensitivity : T1V
@ FM Bandwidth : 10 kHz
@ Sweep Sensitivity: 0—-1V
® Sweep Bandwidth : 10 kHz
@ Control Method : Keypads

® Control By : MCS-51
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PIN | NAME FUNCTION

1 REF | 2.50V bandgap voltage reference output

2 GND | Ground*

3 AQ Wave form selection input; TTL/CMOS compatible
4 Al Wave form selection input; TTL/CMOS compatible
5 COSC | External capacitor connection

6 GND | Ground*

7 DADJ | Dutycycle adjust input

8 FADJ | Frequency adjust input

9 GND | Ground*

10 1IN Current input for frequency control

11 GND | Ground*

12 PDO | Phase detector input. Connect to GND if phase detector is not used.

13 PDI | Phase detector reference clock input. Connect to GND if phase detector is not used.

14 SYNC | TTL/CMOS compatible output, referencedbetween DGND and DV+ . permits the

internal oscillator to be synchronized with an external signal. Leave open if unused.

15 DGND | Digital ground

16 DV+ | Digital +5V supply input. Can be open if SYNC is not used.

17 V+ +5V supply input

18 GND | Ground*

19 OUT | Sine, square, or triangle output

20 V- -5V supply input

* The five ground pins are internally connected. Conect all five ground pins to aquiet ground

close to device. A ground plane is recommended (see layout conditions).
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[
=1

v Y ' v
fi c. =200F USuanudfuea 100 Hz f19 1000 Hz Jaussuianudass uas

412 3
fuitnnaluased 4.1
413 i C, =220F YSuaudaud 1kHz 89 10kHz Saussfuiianuiequdatiuiin
walums e 4.2
414 # C,=220F USunamddud 10 kHz 84 100 kHz Saussduiinnmidane uda
ufinraasluased 4.3
415 C,= 220 pF YSuanasaud 100 kHz 89 1 MHz Saussduiinnuiee uds
fufinnamInaaosadlunsed 4.4
AR 4.1 WamsNARRdh C,= 220 nF
AR (H2) WsesuRsa(vol) | useuiisuan(volt) | avuAanana (%)
100 0212 0.220 3.636
150 0.320 0.330 3.030
200 0432 0.440 1.818
250 0.528 0.550 4.000
300 0.632 0.660 4242
350 0.740 0.770 3.896
400 0.860 0.880 2.273
450 0.980 0.990 1.010
500 1.060 1.100 3.636
550 1.200 1.210 0.826
600 1.320 1.320 0.000
650 1.400 1.430 2.098
700 1.540 1.540 0.000
750 1.660 1.650 0.606
800 1.760 1.760 0.000
850 1.860 1.870 0.575
900 2.000 1.980 1.000
950 2.080 2.090 0.478
1000 2.240 2.200 1.786
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AYE (kHz) usUR3a(Vol) usadud ANURANTA (%)
AUIU(Volt)

1.0 0.200 0.220 9.091

1.5 0.296 0.330 10.303
2.0 0.384 0.440 12.727
2.5 0472 0.550 14.182
3.0 0.592 0.660 10.303
35 0.680 0.770 11.688
4.0 0.800 0.880 9.091

4.5 0.900 0.990 9.091

5.0 1.000 1.100 9.091

5.8 1.060 1.210 12.396
6.0 1.140 1.320 13.636
6.5 1.260 1.430 11.888
7.0 1.380 1.540 10.389
7.5 1.480 1.650 10.303
8.0 1.560 1.760 11.364
8.5 1.620 1.870 13.369
9.0 1.720 1.980 13.131
9.5 1.820 2.090 12919
10 1.920 2.200 12.727
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AE (KH2) UsEURIAVol) usadudi ANURANDR (Yo)
A1UIU(Volt)

10 0.192 0.220 12797
15 0.288 0.330 12.727
20 0376 0.440 14.545
25 0.464 0.550 15.636
30 0.560 0.660 15.152
35 0.688 0.770 10.649
40 0.800 0.880 9.091

45 0.880 0.990 11.111
50 0.950 1.100 13.636
55 1.040 1.210 14.049
60 1.160 1.320 12.121
65 1.240 1.430 13.287
70 1.340 1.540 12.987
75 1.460 1.650 11.515
80 1.560 1.760 11.364
85 1.620 1.870 13.369
90 1.720 1.980 13.131
95 1.820 2.090 12.919
100 1.960 2.200 10.909
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ATWE (kH2) s UATA(Volt) ugadud AVIWAANAA (%)
AUINU(Volt)
100 0.208 0.220 5.455
150 0.312 0.330 5.455
200 0.408 0.440 7.273
250 0.560 0.550 1.818
300 0.640 0.660 3.030
350 0.800 0.770 3.896
400 0.840 0.880 4.545
450 1.000 0.990 1.010
500 1.120 1.100 1.818
550 1.240 1.210 2.479
600 1.280 1.320 3.030
650 1.400 1.430 2.098
700 1.520 1.540 1.299
750 1.680 1.650 1.818
800 1.760 1.760 0.000
850 1.880 1.870 0.535
900 1.900 1.980 4.040
950 2.050 2.090 1.914
1000 2.200 2.200 0.000
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3 *%k%k* FUNCGENERATOR PROGRAM ****%

k1l
ql

LCD_EN
LCD_RS

RANG:
POSF:
MD:

MD WV:
VALF:
MULEG:

EQU
EQU

BIT
BIT

ORG
DS
DS
DS
DS
DS
DS

LCD_ADDR:DS
LCD_DAaTA:DS

FR:
FRE:
AMPV:
DUTYV:
OFFSET:
FVAL:
ADD16:
ADD16A:
ADD16B:
SUB16A:

~e

START:

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

CLR
MOV
CLR
MOV
MOV
CLR
CLR
MOV
MOV
CLR
MOV
CLR
MOV
MOV
Mov
MoV
MOV
MOV

LCALL
MOV
LCALL
MOV
LCALL

4095
2500

P3.6
P3.7

0030H

NMRNNMRNNDNWNWWERKERRPBRERR

AMPV+0
AMPV+1, #1H
AMPV+2
DUTYV+0, #1:
DUTYV+1, #5H
OFFSET+0
OFFSET+1
OFFSET+2, #2BH
FR+0, #1H
FR+1

FR+2, #0AH
FR+3

RANG, #0BH
POSF, #048H

PO, #00000000B

P1,#00H
P2 ,#00H
P3,#00H

INIT_ICD
LCD_ADDR, #00H
SET ADDR LCD
DPTR, #TXTFUNC
WRLINE_LCD

;Product
;Determination of cal. factor

;Reserve address for keep value

;Set initail value

*k%%*% INITIAL FUNCTION GENERATOR **#*%%

;Initailize LCD

;Send text to first line

MODET1:

MOV
LCALL

LCD_ADDR, #40H
SET ADDR LCD

;Show menu of second line

;Send text to second line



KEY1:

KEY1A:

KEY1B:

LCALL

LCALL
ANL
CJNE
LJMP
CJNE
SJMP
CJNE
LJMP

DPTR, #TXTMODE
WRLINE_LCD

KEY

A, #OFH

A, #0UH,KEY1A
MODE

A, #01H,KEY1B
WAVET1

A, #02H,KEY1
OFFSETT1

;Show menu 'MODFE'

;Scan key

;Pressed Enter go to MODE
;Pressed Down go to WAVET1

;Pressed Right go to OFFSETT1

KEY2:

KEY2A:

KEY2B:

MOV
LCALL
MOV
LCALL

LCALL
ANL
CJNE
LJMP
CJNE
SJMP
CJNE
SJIMP

LCD_ADDR, #40H
SET_ADDR _LCD

DPTR, #TXTWAVE
WRLINE_LCD

KEY

A, #OFH

A, #0H,KEY2A
WAVE

A, #01H,KEY2B
FREQT1

A, #2H,KEY2
MODET1

;Scan key

;Check key Down

;Check key Up

FREQT2:

KEY3:

KEY3A:

KEY3B:

: MOV

ANL
CJNE
SJIMP

MOV
LCALL
MOV
LCALL

A,MD WV

A, #07H

A, #06H, FREQT2
AMPT1

LCD_ADDR, #40H
SET ADDR_LCD
DPTR, #TXTFREQ
WRLINE_LCD

KEY
A, #OFH

A, #0H,KEY3A
FREQ

A, #1H,KEY3B
AMPT1

A, #02H,KEY3
WAVET1

;Show menu 'FREQUENCY'

KEY4 :

KEY4A:

MOV
LCALL
MoV
LCALL

LCALL

CJNE
LJIMP
CJNE
SJMP

LCD_ADDR, #40H
SET_ADDR LCD

DPTR, #TXTAMP

WRLINE_LCD

KEY

A, #OFH

A, #0H,KEY4A
AMP

A, #01H,KEY4B
DUTYT1



Ne

~e

~e

~e

KEY4B:

CJNE
SJIMP

A, #02H, KEY4
FREQT™1

DUTYTZ2:

KEY5:

KEY5A:

KEY5B:

: MOV

ANTL,
CJNE
LJMP

MOV
LCALL

LCALL

LCALL
ANL
CJNE
LJMP
CJNE
SJIMP
CJNE
SJMP

A,MD WV

A, #20H

A, #00H,DUTYT2
OFFSETT1

LCD_ADDR, #40H
SET_ADDR LCD
DPTR, #TXTDUTY
WRLINE_LCD

KEY

A, #OFH

A, #0H,KEY5A
DUTY

A, #01F,KEY5B
OFFSETT1

A, #02H,KEYS
AMPT1

;Show menu 'DUTY CYCLE'

OFFSETT1 :MOV

KEY6:

KEY6A:

KEY6B:

*kkkk

MODE :
MODE1:

KEY7:

LCD_ADDR, #40H

LCALL SET ADDR LCD
MOV DPTR, # TXTOFFSET
LCALL WRLINE LCD
LCALL KEY
ANL A, #OFH
CIONE A, #0H,KEY6A
LJMP OFFS
CINE A, #01H,KEY6B
LJMP MODE T1
CJINE A, #02H,KEY6
MOV A,MD WV
ANL A, #20H
CJINE A, #0OH,DUTYT1
SJIMP AMPT1

MODE *kk k%

LCALL  INIT LCD
MOV LCD_ADDR, #00H
LCALL SET ADDR LCD
MoV DPTR, # TXTMODE
LCALL  WRLINE_LCD

: MOV LCD_ADDR, #40H
LCALL SET ADDR LCD
MOV DPTR, # TXTINTERN
LCALL WRLINE_LCD
LCALL KEY
ANL A, #OFH

;Reset LCD register

;Show menu on the 2nd-line

;Scan key



~

Ne

A, #0OOH,KEY7A ;Shocosed Intern mode

™MD, #00H ;Keep XXXX X000
START

A,#01H,KEY7B ;Check key Down
SWEEP

A, #02H,KEY7 ;Check key Up
™

KEYS8:

KEYBA:

KEYS8RB:

LCD_ADDR, #40H
SET_ADDR _LCD
DPTR , #TXTSWEEP
WRLINE_LCD

KEY ;Scan key

A, #OFH

A, #00OH, KEY8A ;Shoosed Sweep mode
MD, #06H ;Keep XXXX X110
START

A, #01H,KEYSB

M

A, #02H,KEYS

INTERN

KEYS:

KEYO9A:

KEYO9B:

MOV
LCALL
MOV
LCALL

LCD_ADDR, #40H
SET_ADDR LCD
DPTR, #TXTFM
WRLINE_ICD

KEY ;Scan key

A, #OFH

A, #0O0OH,KEY9A ;Shoosed FM mode
MD, #01H ;Keep XXXX X001
START

A, #01H,KEY9B

INTERN

A, #02H,KEY9

SWEEP

*k*xk* WAVE FORM

WAVE :
WAVE1L:

LCALL
MOV

INIT_ LCD ;8how text 'WAVE FORM' on the 1lst line
LCD_ADDR, #00H

SET_ADDR_LCD

R1,MD

DPTR, #TXTWAVE1

WRLINE_LCD

KEY10:

MOV
LCALL

LCALL

LCALL

MOV
CJNE

LCD_ADDR, #40H
SET_ADDR_LCD

DPTR, #TXTSINE
WRLINE_LCD

KEY ;Scan key
A, #0FH

R2 ,A

R2,#0H,KEY10A



~

~

~e

MOV A, #18H

ORL A,R1

MoV R1,A

LJMP SENDMW
KEY10A: CJUNE R2,#01H,KEY10B

SJMP TRIANGLE
R2,#02H ,KEY10
CJINE R1,#06H,KEY10C
SJMP RECTANG
PULSE

TRIANGLE : MOV LCD_ADDR, #40H

LCALL SET ADDR LCD
Mov DPTR, #TXTTRI
LCALL WRLINE LCD
KEY1l: LCALL KEY
ANL A, #OFH
MOV R2,A
CJONE R2,#00H ,KEY11A
MOV A, #08H
ORL A,R1l
MOV R1,A

LJMP SENDMW

KEY11A: CJNE R2,#01H,KEY11B
SJMP RECTANG

KEY11B: CONE R2, #02H,KEY11
SIMP SINE

RECTANG :MOV LCD_ADDR, #40H

LCALL SET ADDR LCD
MoV DPTR, #TXTRECT
LCALL  WRLINE_LCD
KEY12: LCALL KEY
ANL A, #OFH
MOV R2,A
CJINE R2,#00H,KEY12A
MOV A, #00H
ORL A,R1
MoV R1,A

LJMP SENDMW
KEY12A: CJNE R2,#01H,KEY12B

;Sine = XX01 1XXX
;Sum wave wiht mode

;Send value mode and wave
;If pressed key Donw go to TRIANGLE

;Check key Up
;If shoosed Sweep mode go to RECTANG

;If shoosed Intern or FM mode go to PULSE

;Scan key

;Triangle = XX00 1XXX
;Sum wav2 wiht mode

;Send value mode and wave
;Pressed key Down go to RECTANG

;Pressed key go to SINE

;Rectang = XX00 O0XXX

CJINE R1,#06H,SAWTOOTH

LJMP SINE
KEY12B: CJNE R2,#02H ,KEY12
SJMP TRIANGLE

SAWTOOTH : MOV LCD_ADDR,#4OH

LCALL SET ADDR LCD
MoV DPTR, #TXTSAW
LCALL  WRLINE_LCD
KEY13: LCALL KEY
ANL A, #OFH
MOV R2,A

CJNE R2,#00H ,KEY13A
MOV A, #28H

;Sawtooth = XX10 1XXX



ORL A,R1
MoV R1,A
LJMP SENDMW

KEY13A: CJINE R2,#01H,KEY13B
SJMP PULSE

KEY13B: CJNE R2,#02H,KEY13
SJMP RECTANG

~e

PULSE : MoV LCD_ADDR, #40H
LCALL SET_ADDR _LCD
MoV DPTR, # TXTPULSE

LCALL WRLINE LCD

KEY14: LCALL KEY
ANL A, #0FH
MOV R2,A
CJNE R2,#00H ,KEY14A
MOV A, #20H ;Pulse = XX10 OXXX
ORL A,R1
MoV R1,A

LJMP SENDMW

KEY14A: CJNE A,#01H,KEY14B
LJMP SINE

KEY14B: CJNE A, #02H,KEY14
SJMP SAWTOOTH

Ne

; **%%%% SEND MODE AND WAVE TO PORTO *#*%%%

SENDMW: MOV MD WV,R1 ;Keep data in MD WV
MOV P2, #0H ;Select channelO for send mode and wave
data
MoV PO,R1 ;Sand data to portO
MOV P2, #0FH
LCALL DELAY 10ms
LJIMP START ;Go to start menu program

® *%*%* FREQUENCY SETING **%%%

FREQ: LCALL INIT LCD

MoV LCD_ADDR, #00H
LCALL SET_ADDR LCD
MoV DPTR, # TXTFREQ

LCALL WRLINE LCD

FREQl: MOV LCD_ADDR, #40H
LCALL SET_ADDR_LCD
MoV DPTR, #TXTHz

LCALL  WRLINE_LCD

MoV RO, #FR+0
MOV R5,RANG
MOV R6, #48H
RES: MoV LCD_ADDR,R6
LCALL SET_ADDR LCD ;Send position to LCD
MoV A,QR0
MOV R4 ,A ;Keep value in R4

ACALL SHOF



space

space

FREQ3:

SHOF':

SHOF1:

SHOF2:

SHOF3:

SHOF4 :

SHOF5:

SHOF6:

SHOF7:

SHOF8:

*%%%* CHECK KEY

KEYF:

UPOSI1:

INC
INC
CJNE

CJNE
SJIMP
CJNE
CJNE
MOV

SJIMP
CJNE
MOV

SJMP
MOV

SJIMP
CJNE
CJNE

SJMP
CJNE
MOV

SJIMP
MOV
ORL

MOV
LCALL
LCALL
RET

LCALL
ANL

CJNE
CJNE
CJNE
MOV

SJIMP

UPOSI1_1:INC
UPOSI1_2:MOV

MoV
LCALL
LJMP

UPOSI1_3:LJMP

UPOSI2:

CJNE
CJNE

R6
RO
R6, #04EH,RES

RO, FR+0
R1,FR+1

R2 ,FR+2
R3,FR+3
R5,RANG
R6,POSF
LCD_ADDR,R6
SET_ADDR _LCD
KEYF

R6, #04CH, SHOF1
SHOF8
R6, #04DH, SHOF4
R5, #OBH , SHOF2
A, #20H

SHOF7
R5, #OCH , SHOF3
A, #6BH
SHOF7
A, #4DH
SHOF7
R6, #04BH, SHOF5
R4, #OAH ,SHOF6
A, #20H

SHOF7
R4, #OAH,SHOF6
A, #2EH

SHOF7
A,R4
A, #30H

LCD_DATA, A
WRCHAR 1CD
LCD_BLINK

%* % % ¥k %

KEY
A, #OFH

A, #02H,UPOSI1_3
R6, #048H,UPOSI2

RO, #09H,UPOSI1 1

RO, #01H
UPOSI1_2
RO

A,RO
R4,A
SHOF
KEYF
KEYDONW

R6,#049H,UPOSI3

R5, #0BH,UPOSI2 2

;Next wvalue
;Next position
;Address = 04EH : Exit locp
initial Frequency value
initial Frequency value
initial Frequency value
initial Frequency value
;Set initial Rang value
;Set initial Position of LC

nnon
[

;Send position to LCD
;Scan key

;Check address of LCD
;If address is 04CH, pass

;If address

04D, RANG

;If address

1

04D, RANG

;If address 04BH, value

;Other address, other wvalu

;Other address, other wvalu
;Enter ACCII code

;Show the data on display

;Scan key

;Check key Up

;Check address 048H = 09H
;If value in address 048H
;Change to O1H

;Other value add one
;Show on display

;Scan key again

;Check address = 049H
;Check Rang 'Hz'

D

away

OBH: put

OCH: put

= 0OAH: put

a =

OAh: put

e: put 0-9

= 0OSH



CJNE
MOV
SJMP

UPOSI2_ 1:INC
SJIMP

UPOSI2_2:CJINE
CINE
CINE
MOV
SIMP

UPOSI2_3:MOV
SJMP

UPOSI2_ 4:CJNE
CJNE
MOV
SJIMP

UPOSI2_5:CJNE
MOV
SJMP

UPOSI2_ 6:INC

UPOSI2_ 7:MOV
MOV
LCALL
SJIMP
UPOSI3: CJNE
CJNE
CJINE
CJNE
CJNE
MOV
SJIMP

UPOSI3 1:INC
SJIMP

UPOSI3_2:MOV
SJMP

UPOSI3_3:CJNE
CONE
MOV
SIMP

UPOSI3_ 4:CJNE
MoV
SJMP

UPOSI3_5:1INC

UPOSI3_6:MOV
MOV
LCALL
LJIMP

R1, #0SH,UPOSI2 1
R1, #0H
UPOSI2_7

R1
UPOSI2_7

R5, #0DH,UPOSI2_ 4
RO, #01H,UPOSI2_4
R1,#0AH,UPOSI2_3
R1,#0H

UPOSI2_7

R1, #OAH
UPOSI2_7

R2, #0AH,UPOSI2_5
R1,#09H,UPOSI2_6
R1, #OH

UPOSI2_7

R1,#0AH,UPOSI2 6
R1, #OH
UPOSI2 7

R1

A,R1
R4,A
SHOF
KEYF

R6, #04AH,UPOSI4
R5, #0DH,UPOSI3 3
RO, #1H,UPOSI3_3
R1,#0AH,UPOSI3 2
R2, #09H,UPOSI3 1
R2, #0H

UPOSI3 6

R2
UPOSI3_6

R2, #0AH
UPOSI3 6

R1,#OAH,UPOSI3_4
R2, #09H,UPOSI3_5
R2, #OH

UPOSI3_6

R2,#0AH,UPOSI3 5
R2, #0H
UPOSI3 6

R2

A,R2
R4 ,A
SHOF
KEYF



UPOSI4: CJNE
CJNE
CJINE
CJINE
MOV
SJMP

UPOSI4_1:CJNE
MoV
SJMP

UPOSI4_2:INC

UPOSI4_3:MOV
MoV
LCALL
LJMP

UPOSI5: CJNE
CJNE
MOV
LCALL
LJMP

UPOSI5 1:INC
LCALL

UPOSI5_2:LJMP

KEYDONW : CONE
DPOSI1: CJNE
CJNE
MoV
SJMP

DPOSI1_1:DEC

DPOSI1_2:MOV
MOV
LCALL
LJMP

DPOSI1_3:LJMP

DPOSI2: CJNE
CJINE
CJINE
MoV
SJMP

DPOSI2_1:DEC
SJIMP

DPOSI2_2:CJINE
CJNE
CJNE
MoV
SJMP

DPOSI2_3:MOV

R6, #04BH,UPOSI5

RE , #ODH,UPOSI4_1
RO, #1H,UPOSI4 1

R1,#0AH,UPOSI4 1
R3, #OH

UPOSI4_3

R3,#0AH ,UPOSI4_2
R3, #OH
UPOSI4_3

R3

A,R3
R4 ,A
SHOF
KEYF

R6,#04DH,UPOSI5 2
R5, #ODH ,UPOSI5 1
R5, #OBH

SHOF

KEYF

R5
SHOF

KEYF

A,#01H,DPOSI1 3
R6, #048H,DPOSI2
RO, #01H,DPOSI1 1
RO, #09H
DPOSI1_2

RO

A,RO
R4 ,A
SHOF
KEYF

KEYLEFT
R6,#049H,DPOSI3
R5,#0BH,DPOSI2 2
R1,#0H,DPOSI2 1
R1,#09H
DPOSI2 7

R1
DPOSI2_7

R5, #0DH,DPOSI2 4
RO, #01H,DPOSI2_ 4
R1,#00H,DPOSI2_3
R1,#0AH
DPOSI2_7

R1,#00H



SJMP

DPOSI2_ 4:CJONE
CJINE
MoV
SJMP

DPOSI2_5:CJNE
MoV
SIMP

DPOSI2_6:DEC

DPOSI2_7:MOV
MoV
LCAYLT,
LJMP

DPOSI3: CJNE
CJNE
CJNE
CJNE
CJINE
MOV
SJMP

DPOSI3 1:DEC
SJIMP

DPOSI3 2:MOV
SJMP

DPOSI3_3:CJINE
CINE
MoV
SJMP

DPOSI3_4:CJNE
MOV
SIMP

DPOSI3 5:DEC

DPOSI3_ 6:MOV
MOV
LCALL
LJMP

DPOSI4: CJNE
CJNE
CJNE
CJNE
MOV
SJMP

DPOSI4_1:CJNE
MoV
SIMP

DPOSI4_2:DEC

DPOSI2_7

R2, #0AH,DPO3I2_5
R1,#0H,DPOSI2 6
R1, #O9H
DPOSI2 7

R1,#0H,DPOSI2_6
R1, #OAH
DPOSI2_ 7

R1

A,R1
R4 ,A
SHOF
KEYF

R6 , #04AH,DPOSI4
R5, #ODH,DPOSI3 3
RO, #1H,DPOSI3 3
R1,#0AH,DPOSI3 2
R2, #00H,DPOSI3 1
R2, #09H
DPOSI3 6

R2
DPOSI3 6

R2, #0AH
DPOSI3 6

R1,#0AH,DPOSI3 4
R2,#00H,DPOSI3 5
R2, #09H
DPOSI3 6

R2, #0H,DPOSI3 5
R2, #0aH
DPOSI3 6

R2

A,R2
R4,A
SHOF
KEYF

R6 , #04BH ,DPOSI5
R5, #ODH,DPOSI4 1
RO, #1H,DPOSI4_1
R1, #0H,DPOSI4_1
R3, #OH

DPOSI4_3

R3, #0H,DPOSI4_2
R3, #0AH
DPOSI4_3

R3
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DPOSI4_3:MOV  A,R3
MoV R4,A
LCALL  SHOF
LJMP  KEYF

DPOSI5: CJNE R6, #04DH,DPOSI5 2
CJUNE R5,#0BH,DPOSI5 1
MoV R5, #ODH -
LCALL  SHOF
LJIMP KEYF

DPOSI5 1:DEC R5
LCALL SHOF

DPOSI5_ 2:LJMP KEYF

KEYLEFT:CJNE A, #03H,KEYRIGH
LPOSI1:CJNE R6,#048H,LPOSI1 1
LJMP KEYF

LPOSI1_1:CJNE  R6,#04DH,LPOSI1_2
MOV R6, #04BH
MOV LCD_ADDR,R6
LCALL SET ADDR LCD
LJIMP KEYF

LPOSI1 2:DEC R6
MOV LCD_ADDR,R6
LCALL SET ADDR LCD
LJIMP KEYF

KEYRIGH:CJNE A, #04H,KEYENTER
RPOSI1: CJNE R6 . #04DH,RPOSI1 1
LJMP KEYF

RPOSI1_1:CJNE R6,#04BH,RPOSI1_2
MoV R6 , #04DH
MoV LCD_ADDR,R6
LCALL SET ADDR LCD
LJMP  KEYF

RPOSI1 2:INC  R6
MoV LCD_ADDR,R6
LCALL SET_ADDR LCD
RPOSI1_3:LJMP  KEYF

KEYENTER :CJNE A, #0H,RPOSI1 3

MOV FR+0,RO
MOV FR+1,R1
MOV FR+2,R2
MOV FR+3,R3
MOV RANG, R5
MOV POSF,R6

*%%%% RANG SEPARATE %k %

RANG Hz: CJNE R5, #OBH ,RANG_KHz
CUNE R2, #OAH ,RANG Hzl

;Check key Left

;Check Key Right

;Check key Enter
;Keep data in buffer
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MOV
SJMP
RANG Hzl:CJNE
MOV
SJIMP
RANG Hz2:MOV
SJMP

RANG KHz:CJNE
CJNWE
MOV
SJIMP
RANG KHz1:CJNE
MOV
SJMP
RANG KHz2:CJNE
MOV
SJIMP
RANG_KHz3:MOV
SJMP

RANG MHz :CJNE
MOV
SJIMP

RANG MHz1 :MOV
LCALL
MOV
LCALL
LCALL
LJMP

R7, #0H

XRANG i

R3, #OAH , RANG=Hz2
R7,#1H

XRANG

R7,#2H

XRANG

RS, #OCH,RANG MHz
R1, #0AH,RANG KHzl
R7,#2H

KRANG

R2, #OAH,RANG KHz2
R7,#3H

XRANG

R3, #OAH,RANG KHz3
R7,#4H -
XRANG

R7,#5H

XRANG

R1,#0AH,RANG MHz1
R7,#5H

XRANG

LCD_ADDR, #40H
SET_ADDR LCD
DPTR, #ERROR_V

WRLINE LCD
DELAY 1s
FREQ

*kkk* SEND RANG **%*%

XRANG: MOV
MOV
LCALL

KEEP_F: MOV
CJNE
MOV
SJIMP
KEEP_F1:MOV
CJINE
KEEP_F2 :MOV
SIMP
KEEP_F3:MOV

PO,R7
P2, #06H
DELAY 10ms

FRE+2,R0
R1,#0AH ,KEEP_F1
FRE+1,R2
KEEP_F2
FRE+1,R1
R2,#0AH ,KEEP_F3
FRE+0,R3
HEX DEC
FRE+0,R2

A,FRE+2

B, #064H
AB
ADD16A+0,A
ADD16A+1,B

A,FRE+1
B, #0AH
AB

;10Hz - 99Hz = OCH

;100Hz - 999Hz = O1H

;1kHz - 10kHz = 02H

;10kHz - 99kHz = O3H

;100kHz - 999kHz = 04d

;1IMHz - 10MHz = O5H



MOV ADD16B+0,A
MOV ADD16B+1,B
LCALL  ADD

MOV A,FRE+0

MoV B, #01H

MUL AB

MOV ADD16B+0,A

MoV ADD16B+1,B

MoV ADD16A+0,ADD16+0
MOV ADD16A+1,ADD16+1

LCALL ADD

*%%%% COMPENSATE FREQUENCY VALUE ***%*

MoV A,R7
MOV SUB16A+1, #00H

CFRl: CJNE A, #00H ,CFR2

MoV A,FRE+2
CJINE A, #01H,CFVR1
MoV SUB16A+0, #017H

LJIMP SUB :
CEVR1: CJNE A, #02H,CFVRIC

MoV SUB16A+0, #026H
LJIMP SUB _
CFVRIC: MOV SUB16A+0, #032H

LJMP SUB

CFR2: CJNE A, #01H,CFR3

MoV A,FRE+2
CJINE A, #01H,CEFVR2
MoV SUB16A,#012H

SJMP SUB
CFVR2: CJNE A, #02H,CFVR2C

MOV SUB16A, #01EH
SJMP SUB

CFVR2C: MOV SUB16A, #033H
SJMP SUB

CFR3: CJNE A, #02H,CFR4

MOV A,FRE+2
CINE A, #01H,CEVR3
MOV SUB16A, #011H

SJMP SUB
CFVR3: CJNE A, #02H,CFVR3C

MOV SUB16A, #014H
SIMP SUB
CFVR3C: MOV SUB16A, #025H

SJMP SUB

CFR4: COJNE A, #03H,CFR5

MoV A,FRE+2
CINE A, #01H,CFVRAC
MOV SUB16A, #010H

SIMP SUB
CFVR4A: CJNE A, #02H,CFVR4

MOV SUB16A, #17H
SIMP SUB
CFVRAC: MOV SUB16A, #025H

SJMP SUB
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CFR5:

CFVR5:

CFVR5C:

CFR6:

CFVR6:

CFVR6C:

CJNE
MOV
CJNE
MOV
SJIMP
CJNE
MOV
SJIJMP
MOV
SJMP

CJINE
MOV
CJNE
MOV
SJIMP
CJNE
MOV

PUSH
PUSH
PUSH
MOV
MOV

A, #04H,CFR6
A,FRE+2

A, #01H,CEVR5
SUB16A, #014H
SUB

A, #02H,CFVR5C
SUB16A, #01CH
SUB

SUB16A, #027H
SUB

A, #05H,CFRA
A,FRE+2

A, #01H,CEFVR6
SUB16A, #11H
SUB

A, #02H,CEVR6C
SUB16A, #01AH
SUB

SUB16A, #05H
SUB

SUB16A, #010H

RO, #ADD16
R1, #SUB16A
8

A, QRO
A,@R1
ADD16+0,A
RO

R1

A, QRO
A,QR1
ADD16+1,A
1

0

ACC

CALCU

RO, #ADD1 6A
R1, #ADD16B
A,QRO
A,Q@R1
ADD16+0,A
RO

R1

A,@RO
A,QR1
ADD16+1,A
1



POP ACC
RET
B e ————————
; MULTIPLEX R4R5R6R7 = ADD16 * DPTR
DPMUL: PUSH ACC
PUSH PSW
CLR c
CLR A
MoV R4, A
MOV R5,A
MOV R6,A
MoV R7,A
DPMULL : MOV A,DPL
SUBB A, #01H
MOV DPL,A
MOV A,DPH
SUBB A, #OH
MoV DPH,A
Jc DPMUL2
MOV A,R7
ADD A,ADD16+0
MOV R7,A
MoV A,R6
ADDC A,ADD16+1
MOV R6,A
MoV A,R5
ADDC A, #0H
MOV R5,A
MoV A,R4
ADDC A, #OH
MoV R4, A

SJMP DPMUL1

DPMUL2 : POP PSW
POP ACC
RET

; kkkkkkkkkk DPDIV SUB **kkkkkhkkik
; Divide FVAL = R4R5R6R7 / R2R3

DPDIV: PUSH ACC

PUSH PSW

MOV FVAL+0, #00

MoV FVAL+1, #00
DIVIDEl: CLR c

MOV A,R7

SUBB A,R3

MoV R7,A

MoV A,R6

SUBB A,R2

MoV R6,A

MOV A,R5

SUBB A, #00

MoV R5,A

MOV A,R4

SUBB A, #00



MOV R4 ,A

Jc DIVIDE?2
MoV A, FVAL+0
ADD A, #01
MOV FVAL+0,A
MoV A,FVAL+1
ADDC A, #00
MOV FVAL+1,A
SJMP DIVIDE1

DIVIDE2: POP PSW
POP ACC
RET

CALCU: MOV DPTR, #k1

LCALL DPMUL
MOV DPTR, #ql
MOV R3,DPL
MOV R2 ,DPH

LCALL DPDIV

*%%k%* SEND FREQUENCY VALUE TO PORT ****%

VALEND: MOV PO ,FVAL+O
MOV P2, #01H
LCALL DEIAY 1 Oms
MOV P2, #OFH
MOV PO, FVAL+1
MOV P2 ,#02H
LCALL DELAY 10ms
MOV P2, #0FH
LJIMP START

*%%%% AMPLIJUDE SETING **%¥%

AMP: LCALL INIT ICD
MOV LCD_ADDR, #00H
LCALL SET ADDR LCD
MOV DPTR, #TXTAMP

LCALL WRLINE ICD

AMP1: MOV LCD_ADDR, #40H
LCALL SET _ADDR LCD
MOV DPTR, #TXTVOLT

LCALL WRLINE_LCD

MOV R6, #048H
MOV LCD_ADDR,R6
LCALL SET ADDR LCD

MOV A,AMPV+2
CJINE A, #00H, Al
MoV A, #20H

SJMP A2



Al:

KEYA:

A Ul 1:

A Ul 2:

A Ul 3:

A Ul 4:

A U2 1:

A U2 2:

A U2 3:

A U2 4:

ORL

: MOV

LCALL

LCALL
MOV
ORL
MOV
LCALL

LCALL
LCALL
MOV
ORL
MOV
LCALL

MOV
LCALL
LCALL

LCALL
ANL

CJINE
CJNE
MoV

CJNE
MOV
MoV
SJIMP

CJINE
MOV
MoV
SJMP

MOV

MOV
LCALL
LCALL
SJMP

CJNE

CJNE
MOV
CJINE
MOV
MOV
SJMP
MOV
MOV
SJIMP
INC

ORL

A, #30H
LCD_DATA,A
WRCHAR LCD

LCD_RSHF
A,AMPV+1

A, #30H
LCD_DATA, A
WRCHAR_LCD

LCD_RSHF
LCD_RSHF
A,AMPV+0
A, #30H
LCD_DATA,A
WRCHAR LCD

LCD_ADDR, R6
SET_ADDR_LCD
LCD_BLINK

KEY
A, #OFH

A,#02H,A D1 1
R6, #48H,A U2 1
A, AMPV+2

A, #2H,A Ul 2
A, #20H
AMPV+2 , #00H
A UL 4

A, #1H,A U1 3
A, #32H
AMPV+2 , #02H
A UL 4

A, #31H
AMPV+2, #01H

LCD_DATA, A
WRCHAR LCD
LCD_BLINK
KEYA

R6,#049H,A U3 1
A ,AMPV+1
A,#9H,A U2 3
R2 ,AMPV+2
R2,#0H,A U2 2
A, #1H

AMPV+1 ,A

A U2 4

A, #0H
AMPV+1,A

A U2 4

A

AMPV+1 A

A, #30H



A U3 1:

A U3 2:

A D1 1:

A D1 2:

A D1 3:

A D1 4:

A D2 1:

A D2 2:

A D2 3:

A D2 4:

A D2 5:

A D2 _5A:

A D3 1:

MoV
LCALL
LCALL
SJMP

CJNE
MOV
CJNE
MoV
MOV
SJMP
MOV
Mov
SJIMP

CJNE
CJNE
MoV

CJINE
MoV
MOV
SJMP

CJNE
MoV

SJMP

MoV
Mov

MoV
LCALL
LCALL
LJMP

CJINE

MOV
CJNE
CJNE
MoV
MOV
SJIMP .
DEC

SJMP
CJNE
SJMP
ORL
LCALL
LJMP
CJNE

MOV
CJNE

LCD_DATA,A
WRCHAR LCD
LCD_BLINK
KEYA

R6, #04BH ,KEYA
A,AMPV+0

A, #5H,A U3 2
A, #0H
AMPV+0,A

A U2 4

A, #5H
AMPV+0,A

A U2 4

A, #01H,A R1 1
R6,#048H,A D2 1
A, AMPV+2

A, #0H,A D1 2
A, #32H
AMPV+2, #02H
A_Dl—d

A, #1H,A D1 3
A, #20H
AMPV+2, #00H
A Dl 4

A, #31H
AMPV+2, #01H

LCD_DATA,A
WRCHAR LCD
LCD_BLINK
KEYA

R6, #049H,A D3 1
A,AMPV+1

R2 ,AMPV+2
R2,#0H,A D2 4
A,#1H,A D2 3
A, #09H
AMPV+1,A

A D25

A

AMPV+1 A

A D25

A, #0H,A D2 3
A D2 2

A, #30H
LCD_DATA,A
WRCHAR LCD
LCD_BLINK
KEYA

R6, #04BH,A D2_5A
A,AMPV+0
A, #0H,A D3 2



AS00:

MoV
MOV
SJIMP
A D3 2: MOV
MOV
SJIMP

A Rl _1: CJNE
CJNE
SJMP
A Rl 2: CJNE
MOV
SJMP
A Rl _3: INC
A Rl 4: MOV
LCALL
A R1_4A:LJMP

A Ll 1: CJNE
CJNE
SJIMP

A L1 2: CJONE
MOV
SJIMP

A L1 3: DEC

A L1 4: MOV
LCALL

A L1 _4A:LJMP

A E1_1: CJNE
MOV
MOV
SWAP
MoV
MOV
ORL
MOV
LCALL

MoV

CJNE

TABLE SINO: DB

AS100:

A, #05H
AMPV+0,2A
A D2 5
A, #0H
AMPV+0,A
A D2 5

A,#04H,A L1 1
R6,#04BH,A R1 2
A Rl 4
R6,#049H,A R1 3
R6, #04BH

A Rl 4

R6

LCD_ADDR,R6
SET_ADDR LCD
KEYA

A, #03H,A E1 1
R6,#048H,A L1 2
ALl 4
R6,#04BH,A L1 3
R6, #049H
ALl 4

R6

LCD_ADDR,R6
SET_ADDR LCD
KEYA

A, #0H,A L1 _4A
R4, AMPV+2
A,AMPV+1

A

R3,A

A, AMPV+0
A,R3

A,R3

DTOH

A,MD WV
A, #018H
A,018H,AMPT

R4, #00H,AS100
A,DPL

B, #05H

AB

A, #2H

DPTR, #TABLE_SINO

A, @A+DPTR

AMPEND

06H,0AH,011H,017H,01DH
023H,029H,02EH, 035H, 03AH, 040H
046H,04CH,052H,058H,05EH, 064H, 06AH

R4, #01H,AS200
A,DPL
B, #05H



TABLE_SINI1:

AS200A:
AS200:

AMPT:

TABLE_TRIO:

AT100:

TABLE_TRI1:

AT200A:
AT200:

AMPALL:

TABLE_ALLO:

AA100:

DIV

MOVC
LJMP
DB
DB
DB

LJMP
CJNE
CJNE

LJIMP

CJINE
CJNE

MOV
DIV
SUBB

MOVC
LJMP
DB
DB
DB

CJNE
MOV

DIV
MOV
MOVC
LJMP
DB
DB
DB

AB

DPTR, #TABLE_SIN1

A, QA+DPTR

AMPEND

06FH,075H,07BH,081H,088H

08DH, 092H,097H,09BH, 0A1H, OAAH, OB1H
OB7H, OBDH, 0C2H, 0C7H,0CFH, OD2H, OD8H, ODEH

AMP

R4 ,#02H,AS200A
R5,#00H,AS200A
R6,#0OE3H
AMPEND

A, #08H, AMPALL

R4, #00H,AT100

A,DPL

B, #05H

AB

A, #2H

DPTR, #TABLE_TRIO

A, @A+DPTR

AMPEND

06H,0CH,012H,01EH, 01FH

025H, 02BH,031H,037H,03DH, 043H
049H,04FH,055H,05BH, 062H, 068H, 06DH

R4, #01H,AT200

A,DPL

B, #05H

AB

DPTR, #TABLE_TRI1

A,@A+DPTR

AMPEND

075H,07BH,081H,087H

08EH, 093H,098H,09DH, OA1H, OA7H, OBOH

OB7H, 0BDH, 0C3H, 0C8H , 0CDH, OD5H, OD8H, ODEH, OE7H

AMP

R4, #02H ,AT200A
R5, #00H ,AT200A
R6, #OEDH
AMPEND

R4, #00H ,AA100

A,DPL

B, #05H

AB

A, #2H

DPTR, #TABLE_ALLO

A, @A+DPTR

AMPEND

05H, OBH,010H,016H,01BH
022H,027H,02DH, 033H,038H, 03DH
043H,049H,04EH, 054H,05AH, 060H, 066H

R4, #01H,AA200
A,DPL

B, #05H

AB
DPTR, # TABLE_ALL1



MoOVC A,QA+DPTR
LJMP AMPEND

TABLE_ALL1: DB 06BH,071H,077H,07DH

DB 084H,089H,08EH, 093H,097H, 09DH, OA6H

DB OADH, OB3H, OBOH, OBEH , 0C3H, OCBH, OCEH, 0D4H , ODAH
AA200A: LJMP AMP
AA200: CJINE R4, #02H, AA200A

CJINE R5, #00H, AA200A

MoV R6, #ODFH

7 *%%%%* SEND AMPLITUDE  **%%%

AMPEND : MoV PO,A
MoV P2, #03H
LCALL DELAY 10ms
MOV P2, #OFH
LJMP START

: *%%k** DUTY CYCLE SETTING *#**%*x

DUTY: LCALL INI 'I'__LCD
MOV LCD_ADDR, #00H
LCALL SET ADDR LCD ;Send text to first line
MOV DPTR, #TXTDUTY

LCALL WRLINE LCD

MOV LCD_ADDR, #40H
LCALL  SET_ADDR _LCD ;Send text to 2nd line
MoV DPTR, #TXTDUTL2

LCALL WRLINE LCD

DUTRDY: MOV R6, #048H
MoV LCD_ADDR,R6
LCALL SET ADDR LCD
MOV A,DUTYV+0
ORL A, #30H
MOV LCD_DATA A

LCALL WRCHAR LCD

LCALL  LCD_RSHF

MOV A,DUTYV+1
ORL A, #30H
MOV LCD_DATA A

LCALL WRCHAR LCD

MoV LCD_ADDR,R6
LCALL SET ADDR LCD
LCALL  LCD_BLINK

KEYD: LCALL KEY
ANL A, #OFH

KEYD U: CJNE A, #02H,KEYD_D
CJNE  R6,#048H,D_Ul_2
MOV A, DUTYV+0



CONE A, #8H,D Ul 0

MOV A, #1H
SJMP D Ul 1
D Ul_0: INC A
D Ul _1: MOV DUTYV+0, A
ANL A, #O0FH
ORL A, #30H
MOV LCD_DATA,A

LCALL WRCHAR LCD
LCALL LCD_BLINK
SJMP KEYD

D Ul _2: MOV A,DUTYV+1
MOV R1,DUTYV+0
CIJNE  A,#9H,D Ul 5
CJNE  R1,#1H,D Ul_3

MoV A, #5H
soMP D Ul 4

D Ul 3: MOV A, #1H

D Ul_4: MOV DUTYV+1,A
ANL A, #OFH
ORL A, #30H
MOV LCD_DATA,A

LCALL  WRCHAR LCD
LCALL LCD_BLINK
SJMP  KEYD

D Ul _5: INC A
SJMP D Ul 4

KEYD D: CJNE A, #01H,KEYD R
CJINE R6,#048H,D_D1_2

MOV A,DUTYV+0

CJNE A, #1H,D D1_1
MoV A, #8H
soMP D UL 1

D D1_1: DEC A
SJMP D UL 1

D D1 _2: MOV A, DUTYV+1
MoV R1,DUTYV+0

CJNE  R1,#1H,D D1_4
CIJNE A, #5H,D_D1_3

MoV A, #9H
soMP D UL 4
D D1 _3: DEC A

SJMP D _UL_4

D D1 _4: CINE A, #0H,D_D1_3
MOV A, #9H
sJMP D UL 4

KEYD R: CJNE A, #4H,KEYD L
MOV R6, #049H
SoMP D L1 1

KEYD L: CJNE A, #3H,KEYD _E

MoV R6, #048H
D L1 _1: MOV A,R6
MOV LCD_ADDR,A

LCALL SET ADDR LCD



~e

D_L1_1A:LJMP

KEYD E: CJNE

*kkkk

D_Er V:

D_Er L:

CLR
MOV
SWAP
ORL
MOV
SUBB
JNC
CLR
MOV
SUBB
Jc
MoV
MOVC

KEYD

A,#OH,D_Ll_lA
C

A,DUTYV+0

A

A ,DUTYV+1
RO, A

A, #86H

D Er V

C

A,RO

A, #15H

D Er L

DPTR, #TABLE__D
A,QA+DPTR

SEND DUTY CYCLE *¥%k%*

MoV
MOV
LCALL
MOV
LJMP

MOV
LCALL
MOV
LCALL
LCALL
LJMP

MOV
LCALL
MOV
LCALL
LCALL
LJMP

TABLE_ D:DB

DB
DB
DB
DB
DB
DB
DB
DB
DB

PO,A
P2, #04H
DELAY 10ms
P2, #0FH
START

LCD_ADDR, #40H
SET_ADDR LCD
DPTR, #ERROR V

WRLINE_LCD
DELAY 1s
DUTY

LCD_ADDR, #40H
SET_ADDR_LCD
DPTR, #ERROR L

WRLINE LCD
DELAY 1s
DUTY

OFH,12H,16H,19H,1DH,20H,24H
27H,2BH,2EH,32H,35H,38H, 3BH

3FH, 43H,46H,49H,4CH,50H,53H
56H,59H,5DH, 60H, 63H, 66H, 69H

6CH, 70H,72H,76H,79H, 7CH, 7FH

83H, 86H,89H, 8DH, 8FH, 93H, 96H

98H, 9CH,9FH, OA2H, OA5H, OASH, OACH

OAFH, 0B3H, 0B6H, 0BS8H, OBCH, 0BFH , 0C2H
OC5H,0C8H,0CCH, 0CFH, OD2H, OD5H, 0DSH

ODCH , ODFH, OE3H, OE6H, OEAH , OEDH, OFOH, OF4H

*k*k%% OFFSET VOLTAGE **%%%

OFFS:

LCALL
MOV
LCALL
MOV
LCALL

INIT_ LCD
LCD_ADDR,#OOH

SET_ADDR LCD ;Send text to first line
DPTR, #TXTOFFSET

WRLINE_ ICD



MOV LCD_ADDR, #40H

LCALL SET ADDR _LCD ;Send text to 2nd line
MoV DPTR, #TXTOFFL2

LCALL  WRLINE_LCD

OFFRDY: MOV R6, #048H
MOV LCD_ADDR,R6
LCALL . SET_ADDR LCD
MOV A,OFFSET+2
MOV LCD_DATA,A

LCALL WRCHAR LCD

LCALL LCD_RSHF

MOV A ,OFFSET+1
ORL A, #30H
MOV LCD_DATA,A

LCALL WRCHAR LCD

LCALL  LCD_RSHF
LCALL  LCD_RSHF

MoV A,OFFSET+0
ORL A, #30H
MOV LCD_DATA,A

LCALL  WRCHAR_LCD

MOV LCD_ADDR,R6
LCALL SET_ADDR LCD
LCALL LCD_BLINK

KEYO: LCALL KEY
ANL A, #OFH

KEYO U: CJNE A, #02H,KEYO D
CJNE  R6,#048H,0 U2 1

MOV A,OFFSET+2
CINE A, #2BH,0 Ul 2
MOV A, #2DH

O UL 1: MOV OFFSET+2,A
MOV LCD_DATA,A

LCALL WRCHAR LCD
LCALL  LCD_BLINK
SJMP  KEYO

O Ul _2: MOV A, #2BH
SJMP O Ul 1

O U2 1: CIJNE  R6,#049H,0_U3_1

MoV A,OFFSET+1
CJNE A, #5H,0 U2 3
MoV A, #OH

O _U2_2: MOV OFFSET+1,A
ORL A, #30H
MoV LCD_DATA,A

LCALL WRCHAR LCD
LCALL  LCD_BLINK
SJMP  KEYO

0 U2_3: INC A



SIMP O U2 2

O U3 1: CJNE  R6,#04BH,KEYO

MoV A ,OFFSET+0

CJUNE A,#05H,0 U3 3

MOV A,#0H T
O_U3 2: MoV OFFSET+0,A

ORL A, #30H

MOV LCD DATA,A

LCALL  WRCHAR LCD
LCALL  LCD_BLINK
SIMP  KEYO

O U3 3: MoV A, #05H
SJMP o U3 2

KEYO D: CJNE A, #01H,KEYO R
CJNE  R6,#048H,0 D2 1

Mov A,OFFSET+2
CJINE A, #2DH,0 D1 2
MoV A, #2BH

O D1 1: MOV OFFSET+2,A
MoV LCD_DATA, A

LCALL WRCHAR LCD
LCALL LCD_BLINK
LJMP KEYO

O_D1_2: MoV A, #2DH
sjMP 0 D1 1

O D2 _1: CJNE  R6,#049H,0 D3 1

MOV A,OFFSET+1

CJNE A, #0H,0 D2 3

MoV A, #5H
0_D2_2: MoV OFFSET+1,A

ORL A, #30H

MOV LCD_DATA,A

LCALL  WRCHAR LCD
LCALL LCD BLINK
O D2 _2A:LIMP  KEYO

0_D2_3: DEC A
SJMP 0 D2 2

O_D3 1: CIJNE  R6,#04BH,0 D2 2A

MoV A,OFFSET+0
CJNE A,#0H,0 D3 3
MOV A, #05H

O D3 2: MOV OFFSET+0,A
ORL A, #30H
MoV LCD_DATA,A

LCALL  WRCHAR LCD
LCALL  LCD_BLINK
LIMP  KEYO

0 D3 3: MoV A, #0H
SIMP 0_D3 2



e
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e

KEYO R: CJNE
CJNE
MoV
O R1_0: CJNE
O Rl _1: MOV
LCALL
LJMP
O R1_2: INC
SJIMP

KEYO_L: CJNE
CJNE
MoV
SIMP
O L1 0: CJNE
O L1 _1: MOV
LCALL
O_L1_1A:LJMP
O L1 _2: DEC
SIMP

KEYO E: CJNE
MoV
SWAP

MOV
CJNE
CLR
CPL

A,#04H ,KEYO L
R6,#049H,0 R1_0
R6, #04BH

R6, #04BH,0 R1_2
LCD_ADDR, R6
SET_ADDR_LCD
KEYO

R6

ORI 1

A,#03H,KEYO E
R6, #04BH,0 L1 0
R6, #04 9H

O Ll1

R6, #048H,0 L1 2
LCD_ADDR,R6
SET_ADDR_LCD
KEYO

R6

oLl1

A, #0H,0 L1 1A
A,OFFSET+1

A

R3,OFFSET+0
A,R3

B, #05H

AB

DPTR, # TABLE_OFF
A,QA+DPTR

R3,OFFSET+2

R3, #2BH,OFFEND
.

A

*k%k** SEND OFFSET VOLTAGE  *#*%¥%%

OFFEND: MOV
MOV
LCALL
MOV
LJMP

TABLE_OFF:DB
DB
DB
DB

PO,A

P2, #05H
DELAY 10ms
P2, #0FH
START

080H,08DH, 000H, 099H
OAS5H,000H, 0B2H, 0BEH
000H,0C9H, OD8H , 000H
OE2H,0F3H, 000H, 000H, OFAH

*kkkk SCAN KEY **¥kk

LCALL

A

A,P1
ACC.7,KEY
DELAY 100ms



*kkkkhkkkk* DTOH SUB *kkkkdkhhkux
DECIMAL TO HEX

IN = R1,R2,R3

OUT = DPTR

Ne Ne Ne Ne Ne

REG = A,RO,R1,R2,R3,R4,R5,DPTR

DTOH: PUSH 5
PUSH 4
PUSH 2
PUSH 1
PUSH O
PUSH ACC
MOV R1, #0
MoV R2, #0
MoV R4, #16

DTOH1: MOV R5, #3 ;SHIFT & SUB
MoV RO, #1 ;INDEX TO R1
CLR &

DTOH2: MOV A,@RO
RRC A
PUSH PSW R |
JNB ACC.7,DTOH3
CLR C

SUBB A, #30H
DTOH3: JNB ACC. 3,DTOH4
CLR c
SUBB A, #03H
DTOHA4 : MoV @RO,A
INC RO
POP PSW 7 3]
DJNZ  R5,DTOH2

MOV A,DPH
RRC A

MoV DPH,A
MOV A,DPL
RRC A

MOV DPL,A
DJNZ R4,DTOH1

POP ACC
POP 0

POP 1

POP 2

POP 4

POP 5

RET

; *kkk* LCD MANAGMENT **%%*

shkdkkdhkhhhdhhhhhhhhhhdhdhdkdbhhhhhhhdhdbrhdrdhhdb kbbb hddrkkdd

;LCD INITIALIZE
;*********************************************************
INIT LCD: ACALL DELAY 100ms

CLR LCD_RS



MoV PO, #00111000B
ACALL LCD_CLK
ACALL DELAY 10ms

MoV PO, #00111000B
ACALL LCD CLK

ACALL  LCD_OFF
ACALL  LCD_CLR

Mov PO, #00000110B
ACALL LCD_CLK

ACALL LCD_HOME
RET

ghkkkkkdhhkhkkhhkkhhhhhhbhhhhdbhhdhhhhdhhddbrhkbhhhhkhhkrkk

;LCD CLEAR DISPLAY
phkkkkkkkkhhkkkhhhhhhkkhhkhhkhkddhhhkkhhhhkkhhhhkrhhkkhkkkdh

LCD_CLR: CLR LCD_RS
Mov PO, #00000001B
acarnf Acp cLK
RET

Jhkkkdkkkdkkhkhhhhdkhhhhhdhhhhhhhhdhrhdhhhhdhhhhkhhhhhdrhhhrdhrhdn

;LCD RETURN HOME
phhkkkhkhkkkhkkkhhhkhhhkhhkhhkhhdchhkhhhhkhhkhhhhhhhkkkhkkk

LCD _HOME: CLR LCD_RS
MOV PO, #00000010B
ACALL LCD_CLK
RET

ghkkdkkkkkkdhhdkhhbhdhhhhdhhhddddbddhbhrhhhdhhhddhhkdbhbhdddd

;LCD DISPLAY OFF
Rk kkkkkkhkhkhhhkhhhkkrhkhhhhkkhhkhhkhhhkhhhhkhkkdkdkhkhhkkkk

LCD_OFF: CLR LCD_RS
MoV PO, #00001000B
ACALL LCD_CLK
RET

shEhkkkkhkkhkkhkhkkhhhkhhhhhdhbhhdkhhkdhhhhhhbhdhhhhbhrdrhhdds

;LCD CLK
shhkkkhkkkkkkhhhhhhhhhhkhhhkhhhhhhkkkkhkhhhhkhkhhdhhhhhddkksd

LCD_CLK: SETB  LCD_EN
ACALL  LCD_DELAY
CLR LCD_EN
ACALL  LCD_DELAY
RET

shkkkkdkkkhhhhhhhhhhhhhhhhhhbdkhddhhhhhhhdhhrdbbhhhdbhhhhhhkd

;LCD DISPLAY ON
shkhkkkdkkkkhhhhhhkhhhkhhhhhhhhhhhhhkkkkkhhkhhhkhkkkkhhkkhhkkk

LCD_ON: CLR LCD_RS
MOV PO, #00001100B
ACALL  LCD_CLK
RET

shhkhdkhkhkhhhkkhkhhkhkkhkhhhhhkhhkkhrhhdkhdhdbdkhhkhhhhkhhkhrkhhhk

;LCD CURSOR ON
shhkhkkkkdkdkhkhkhkhhhhhhhdhhhhhhhhhkdhhhhhkkhkhhhhkhhhhkhhhhhhkrhhkdk

LCD_BLINK: CLR LCD_RS



MoV PO, #00001111B
ACALL LCD CLK
RET

ghkkkkkkhhkkkhkkkkhhhddhdddbhhhhhhhkhddhdkdhdhhkhdrhdkdkhhdddk

;LCD LEFT SHIFT DISPLAY
Jhkkhkhkhkkhkhhkhhkhhkhkdkhhhkhkhhrkhdhhhhhhhhhhhkhhrhhhhkdhhkhdkdx

LCD_LSHF': CLR LCD_RS
MoV PO, #00010000B
ACALL LCD_CLK
RET

JERkkkkkkhkkhkhhhhhhkhdhdbhhddbhhhhdhhhddhdhhdhdhdhdhhdhhdbdhk

;LCD RIGHT SHIFT DISPLAY
phhkkhkkkkhkhhkhkhhhhhhhhhhkhkdhhhkhhhkhhhkhkhhrhhhkkhhhhkkkkh*k

LCD_RSHF: CLR LCD_RS
MoV PO, #00010100B
ACALL LCD_CLK
RET

ghkkkdkdkkhdhdhhhhhhdhhhddhdbhhhhrhhdhhhhdbhhhhdhhrhhhddhhdkrrrd

;SET LCD ADDRESS
pRkkkhkkkkkkkhkkhkdhhkhhhhkhdkkhhhhdkhhhkhhhhhkhhhhkhrhhkhdhrhhk

SET_ADDR LCD: CLR LCD_RS
MoV A,LCD_ADDR
SETB  ACC.7
MOV PO, A
ACALL LCD_CLK
RET

gRdkkkdkhdkkkhhkhhddhkhdkhhdhdkdkkdkdhdhkddkhhhhkkhhhhkhdrkhdhdkhkkhk

;WRITE CHARACTER TO SHOW LCD
ghkkkdkhkkhdkhdhhkhdhdhdddhhhhhdhhdkhkhhhhhhddhhrkhdhhhdkkhdkkkddk
WRCHAR LCD: SETB  LCD_RS

MoV PO,LCD_DATA

ACALL  LCD_CLK

ACALL LCD_LSHF

ACALL LCD_ON

RET

ghkkkdhdkdkhdkhhhhhdhhhhhdhdhhdhhhhhddbdhhdbhhrdhddbhhhhdkdkbhkhkkhkk

JWRITE LINE OF 16 CHARACTER FROM ROM
phkkkkdkhhkhhhkhhhkkkkkkhkhkkkhrhkkhhhhhhhkhhkkhhhrhdkhhrhrx

WRLINE_LCD: MoV RO, #0
WRLINE_LCD 1: SETB LCD_RS
CLR A
MOVC A,QA+DPTR
MoV PO,A
ACALL LCD_CLK
INC DPTR
INC RO

CINE RO, #16,WRLINE_LCD 1
ACALL LCD_ON

RET
WRLINE_LCD_ 3: MOV RO, #0
WRLINE_LCD 4: SETB LCD_RS
CLR A
MOvC A,QA+DPTR
MOV PO,A

ACALL LCD CLK



INC
INC
CJNE
ACALL
RET

DPTR

RO

RO, #24 ,WRLINE LCD_ 4
LCD_ON

;*********************************************************

;DUMMY DELAY TIME I2C DELAY,LCD DELAY,

10m, 100m, 1s

;********************:*********;**************************

PUSH
PUSH
MOV
LCD_DELAY 1: MOV
LCD_DELAY 2: NOP
NOP
DJNZ
DJINZ
POP
POP
RET

LCD_DELAY:

DELAY 10ms: PUSH
PUSH
MOV
DELAY 10ms_1:MOV
DELAY 10ms_2:NOP

NOP

DJNZ

DJNZ

DELAY 100ms: PUSH
PUSH
MOV
DELAY_ 100ms_1:MOV
DELAY 100ms_2:NOP
NOP
DJNZ

DELAY 1s:

DELAY 1S 1:

TXTFUNC: DB
TXTMODE : DB

- TXTWAVE: DB

TXTFREQ: DB
TXTAMP : DB
TXTDUTY : DB

6
7
7,#002
6, #OE6H

R6,LCD_DELAY 2
R7,LCD_DELAY 1
7
6

6
7

7,#010H
6, #0E6H

R6,DELAY 10ms_2
R7,DELAY 10ms_1
7
6

6
7
7,#100H
6,#0E6H

R6,DELAY 100ms_2
R7,DELAY 100ms_1
7
6

6

7

5,4#100

DELAY 10ms
R5,DEIAY 1s 1
7

6

"FUNCTION '
'"MODE '
'WAVE '
'FREQUENCY '
'AMPL.IJUDE !
'DUTY CYCLE ¥



TXTOFFSET:
TXTINTERN:

TXTSWEEP:
TXTEM:

TXTWAVEL:
TXTSINE:
TXTTRI:

TXTRECT:
TXTSAW:

TXTPULSE :
TXTH=z:

TXTVOLT:
TXTDUTLZ2:
TXTOFFL2:
ERROR V:
ERROR L:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

END

"OFFSET VO

LTAGE '

' INTERN MODE !
"SWEEP MODE b

"FM MODE
"WAVE FORM
'SINE WAVE

' TRIANGLE WAVE '
"RECTANGULAR WAVE'
' SAWTOOTH WAVE '
'PULSE SIGNAL '

'"VALUE = 10.0 Hz'
'"VALUE = 1.0 Vpp'
'"VALUE = 15% '
'"VALUE = +0.0 V

'VALUES WAS OVER '
'"VALUES WAS LOWER'
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ANALOG
DEVICES

High Performance
Video Op Amp

AD811

FEATURES
High Speed
140 MHz Bandwidth (3 dB, G = +1)
120 MHz Bandwidth (3 dB, G = +2)
35 MHz Bandwidth (0.1 dB, G = +2)
2500 V/us Slew Rate
25 ns Settling Time to 0.1% (For a 2 V Step)
65 ns Settling Time to 0.01% (For a 10 V Step)
Excellent Video Performance (R =150 Q)
0.01% Differential Gain, 0.01° Differential Phase
Voltage Noise of 1.9 nVVHz
Low Distortion: THD =-74 dB @ 10 MHz
Excellent DC Precision
3 mV max Input Offset Voltage
Flexible Operation
Specified for =5 V and +15 V Operation
+2.3 V Output Swing into a 75 2 Load (Vg = £5 V)

APPLICATIONS

Video Crosspoint Switchers, Multimedia Broadcast
Systems

HDTV Compatible Systems

Video Line Drivers, Distribution Amplifiers

ADC/DAC Buffers

DC Restoration Circuits

Medical—Ultrasound, PET, Gamma and Counter
Applications

PRODUCT DESCRIPTION

The ADS811 is a wideband current-feedback operational ampli-
fier, optimized for broadcast quality video systems. The -3 dB
bandwidth of 120 MHz at a gain of +2 and differential gain and
phase of 0.01% and 0.01° (R; = 150 Q) make the AD811 an
excellent choice for all video systems. The AD811 is designed to
meet a stringent 0.1 dB gain flatness specification to a band-
width of 35 MHz (G = +2) in addition to the low differential
gain and phase errors. This performance is achieved whether
driving one or two back terminated 75 Q cables, with a low
power supply current of 16.5 mA. Furthermore, the AD811 is
specified over a power supply range of +4.5 Vto £ 18 V.
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SUPPLY VOLTAGE ~ =Voits
REV.D

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

CONNECTION DIAGRAMS
8-Lead Plastic (N-8) 20-Lead LCC (E-20A) Package
Cerdip (Q-8)
SOIC (SO-8) Packages

Vs[4] Apsi1 [SINc

N n“ g
> B‘n o

NC = NO CONNECT

16-Lead SOIC (R-16) Package 20-Lead SOIC (R-20) Package

\ P

ne [1] y 18] NC Ne [T] 20] NC
ne[z] 18] NC ne[Z] 1] ne
-n[3] [14] +vs Ne [3] 18] ne

Ne[4] 73] Ne N [4] [17] +vs

+N [5] [12] output ne 5] [16] Nc
NC E E NC +N Ls__ E OUTPUT
V[l ppert [ "y ] e
Nc [8] 9] ne Vs 3] 13] Ne
NC = NO CONNECT NG E AD811 T—{l =
ne [io] [11] ne
NC = NO CONNECT

The AD811 is also excellent for pulsed applications where tran-
sient response is critical. It can achieve a maximum slew rate of
greater than 2500 V/us with a settling time of less than 25 ns to

0.1% on a 2 volt step and 65 ns t0 0.01% on a 10 volt step.

The AD811 is ideal as an ADC or DAC buffer in data acquisi-
tion systems due to its low distortion up to 10 MHz and its wide
unity gain bandwidth. Because the AD811 is a current feedback
amplifier, this bandwidth can be maintained over a wide range
of gains. The AD811 also offers low voltage and current noise of
1.9 nVAHz and 20 pAANHz, respectively, and excellent dc accu-
racy for wide dynamic range applications.
12 T T I l
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ADB] 1 —SPEC I FI CATIONS (@T, =+25°C and Vg = =15 V dc, Rigao = 150 Q unless otherwise noted)

ADS11J/A! ADS811S8?
Model Conditions Vs Min Typ Max Min Typ Max | Units
DYNAMIC PERFORMANCE
Small Signal Bandwidth (No Peaking)
-3dB
G=+1 R =562 Q +15V 140 140 MHz
G=+2 Rpp = 649 Q 15V 120 120 MHz
G=+2 Rpp =562 Q 5V 80 80 MHz
G=+10 R =511Q 15V 100 100 MHz
0.1 dB Flat
G=+2 Rep =562 Q %5 Vi 25 25 MHz
Rpg =649 Q 15V 35 35 MHz
Full Power Bandwidth? Vour = 20 V p-p t15V 40 40 MHz
Slew Rate Vour=4Vp-p 5V 400 400 Vips
Vour =20V p-p 15V 2500 2500 Vs
Settling Time to 0.1% 10 V Step, Ay =-1 15V 50 50 ns
Settling Time to 0.01% 65 65 ns
Settling Time to 0.1% 2V Step, Ay =-1 5V 25 25 ns
Rise Time, Fall Time Rpp = 649, Ay = +2 15V 3.5 35 ns
Differential Gain f=3.58 MHz 15V 0.01 0.01 %
Differential Phase f=3.58 MHz 15V 0.01 0.01 Degree
THD @ fc = 10 MHz Vour =2 Vp-p, Ay =42 15V -74 -74 dBc
Third Order Intercept* @ fc = 10 MHz 5V 36 36 dBm
15V 43 43 dBm
INPUT OFFSET VOLTAGE 15V,115V 0.5 3 0.5 3 mV
TMIN to TMAX 5 5 mV
Offset Voltage Drift 5 5 uv/eC
INPUT BIAS CURRENT
—Input 5V,£15V 2 5 2 5 HA
TMIN to TMAX 15 30 MA
+Input +5 Vials V 2 10 2 10 HA
T 10 Tyax 20 25 LA
TRANSRESISTANCE Tam 0 Tyax
V()er =110V
Rp=e 15V 0.75 1.5 0.753% 185 MQ
Ry =200 Q 15V 0.5 0.75 0.5 0.75 MQ
VOUT =125V
Ry =150 Q 5V 0.25 0.4 0.125 0.4 MQ
COMMON-MODE REJECTION
Vos (vs. Common Mode)
TMIN to TMAX VCM =125 +5V 56 60 50 60 dB
T to Tuax Vem =110V 15V 60 66 56 66 dB
Input Current (vs. Common Mode) Tammv to Tyax 1 3 1 3 pA/V
POWER SUPPLY REJECTION Vs=145Vtot18V
Vos TMIN to TMAX 60 70 60 70 dB
+Input Current Tum to Tyax 0.3 2 0.3 2 PAV
—Input Current Tamm to Tyax 0.4 2 0.4 2 HA/V
INPUT VOLTAGE NOISE f=1kHz 1.9 1.9 nVNHz
INPUT CURRENT NOISE f=1kHz 20 20 pANTLZ
OUTPUT CHARACTERISTICS
Voltage Swing, Useful Operating Range’ +5V 2.9 +2.9 A%
15V +12 112 \%
Output Current . Ty = +25°C 100 100 mA
Short-Circuit Current 150 150 mA
Output Resistance (Open Loop @ 5 MHz) 9 9 Q
INPUT CHARACTERISTICS
+Input Resistance 1.5 1.5 MQ
—Input Resistance 14 14 Q
Input Capacitance +Input 7.5 7.5 pF
Common-Mode Voltage Range 5V +3 +3 v
15V +13 +13 v
POWER SUPPLY
Operating Range +4.5 +18 +4.5 +18 |V
Quiescent Current 5V 145 16.0 14.5 16.0 | mA
+15V 16.5 18.0 16.5 18.0
TRANSISTOR COUNT # of Transistors 40 40
NOTES
"The AD811]R is specified with 5 V power supplies only, with operation up to 12 volts.
2See Analog Devices’ military data sheet for 883B tested specifications.
SFPBW = slew rate/(2 T Vpgax).
4Output power level, tested at a closed loop gain of two.
SUseful operating range is defined as the output voltage at which linearity begins to degrade.
Specifications subject to change without notice.
—9- REV. D



AD811

ABSOLUTE MAXIMUM RATINGS!

Supply Voltage . ............ i 18V
AD811JRGradeOnly .............c.coiinn.... +12V
Internal Power Dissipation® ........ Observe Derating Curves
Output Short Circuit Duration .. ... Observe Derating Curves
Common-Mode Input Voltage ..................... +Vg
Differential Input Voltage ......................... 6V
Storage Temperature Range (Q,E) ........ -65°C to +150°C
Storage Temperature Range (N, R) ........ —65°C to +125°C
Operating Temperature Range
BDSBLIT iv:iwsmimeinisinspminsms sasmmsa 0°C to +70°C
ADSBIIA .. ... —40°C to +85°C
AD8IIS ... .. —55°C to +125°C
Lead Temperature Range (Soldering 60 sec) . ....... +300°C
NOTES

!Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

?8-Lead Plastic Package: 6, = 90°C/W
8-Lead Cerdip Package: 6j, = 110°C/W
8-Lead SOIC Package: 6j, = 155°C/W
16-Lead SOIC Package: 6;, = 85°C/W
20-Lead SOIC Package: 6, = 80°C/W
20-Lead LCC Package: 6, = 70°C/W

ORDERING GUIDE

Temperature Package
Model Range Option*
AD811AN —40°C to +85°C N-8
AD811AR-16 —40°C to +85°C R-16
AD811AR-20 —40°C to +85°C R-20
ADS811JR 0°C to +70°C SO-8
AD811SQ/883B -55°C to +125°C Q-8
5962-9313101MPA -55°C to +125°C Q-8
ADB811SE/883B -55°C to +125°C E-20A
5962-9313101M2A -55°C to +125°C E-20A
ADS811JR-REEL 0°C to +70°C SO-8
ADS811JR-REEL7 0°C to +70°C SO-8
AD811AR-16-REEL —40°C to +85°C R-16
AD811AR-16-REEL7 —40°C to +85°C R-16
AD811AR-20-REEL —40°C to +85°C R-20
AD811ACHIPS —40°C to +85°C Die
AD811SCHIPS -55°C to +125°C Die

*E = Ceramic Leadless Chip Carrier; N = Plastic DIP; Q = Cerdip; SO (R) =

Small Outline IC (SOIC).

CAUTION

MAXIMUM POWER DISSIPATION

The maximum power that can be safely dissipated by the
AD811 is limited by the associated rise in junction temperature.
For the plastic packages, the maximum safe junction tempera-
ture is +145°C. For the cerdip and LCC packages, the maxi-
mum junction temperature is +175°C. If these maximums are
exceeded momentarily, proper circuit operation will be restored
as soon as the die temperature is reduced. Leaving the device in
the “overheated” condition for an extended period can result in
device burnout. To ensure proper operation, it is important to
observe the derating curves in Figures 17 and 18.

While the AD811 is internally short circuit protected, this may
not be sufficient to guarantee that the maximum junction tem-
perature is not exceeded under all conditions. One important
example is when the amplifier is driving a reverse terminated

75 Q cable and the cable’s far end is shorted to a power supply.
With power supplies of +12 volts (or less) at an ambient tem-
perature of +25°C or less, if the cable is shorted to a supply rail,
then the amplifier will not be destroyed, even if this condition
persists for an extended period.

ESD SUSCEPTIBILITY

ESD (electrostatic discharge) sensitive device. Electrostatic
charges as high as 4000 volts, which readily accumulate on the
human body and on test equipment, can discharge without
detection. Although the AD811 features proprietary ESD pro-
tection circuitry, permanent damage may still occur on these
devices if they are subjected to high energy electrostatic dis-
charges. Therefore, proper ESD precautions are recommended
to avoid any performance degradation or loss of functionality.

METALIZATION PHOTOGRAPH
Contact Factory for Latest Dimensions.
Dimensions Shown in Inches and (mm).

+INPUT
L——— 0.088 (2.49)

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD811 features proprietary ESD protection circuitry, permanent damage may

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD sl b eENSHVEDEVIC
precautions are recommended to avoid performance degradation or loss of functionality. o .
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AD811-Typical Performance Characteristics
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Typical Characteristics, Noninverting Connection—AD811
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Figure 19. Noninverting Amplifier Connection Figure 22. Closed-Loop Gain vs. Frequency, Gain = +1

g .y T
G=+10
23 [— R e 1500 ;ﬁ::;ﬁ;,
29 \
\\ "\3
g N[N
I 17 N
z By
z N \
Vg = =5V \
14 Rep = 4420 \
1
, \
™ 10M 100M
FREQUENCY — Hz
Figure 20. Small Signal Pulse Response, Gain = +1 Figure 23. Closed-Loop Gain vs. Frequency, Gain= +10
Vin
Vourt
Figure 21. Small Signal Pulse Response, Gain = +10 Figure 24. Large Signal Pulse Response, Gain = +10

REV. D R



AD811-Typical Characteristics, Inverting Connection
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APPLICATIONS

General Design Considerations

The AD811 is a current feedback amplifier optimized for use in
high performance video and data acquisition applications. Since
it uses a current feedback architecture, its closed-loop -3 dB
bandwidth is dependent on the magnitude of the feedback resis-
tor. The desired closed-loop gain and bandwidth are obtained
by varying the feedback resistor (Rgp) to tune the bandwidth,
and varying the gain resistor (Rg) to get the correct gain. Table I
contains recommended resistor values for a variety of useful
closed-loop gains and supply voltages.

Table I. -3 dB Bandwidth vs. Closed-Loop Gain and
Resistance Values

Vs =*15V

Closed-Loop -3 dB BW
Gain Rgp Rg (MHz)

+1 750 Q 140

+2 649 Q 649 Q 120

+10 511 Q 56.2 Q 100

-1 590 Q 590 Q 115

-10 511 Q 51.1Q 95
Vs=%5V

Closed-Loop -3 dB BW
Gain Rgp Rg (MHz)

+1 619 Q 80

+2 562 Q 562 Q 80

+10 442 Q 48.7 Q 65

-1 562 Q 562 Q 75

-10 442 Q 442 Q 65
V=210V

Closed-Loop -3 dB BW
Gain Rep Rg (MHz)

+1 649 Q 105

+2 590 Q 590 Q 105

+10 499 Q 49.9 Q 80

-1 590 Q 590 Q 105

-10 499 Q 499 Q 80

Figures 11 and 12 illustrate the relationship between the feed-
back resistor and the frequency and time domain response char-
acteristics for a closed-loop gain of +2. (The response at other
gains will be similar.)

The 3 dB bandwidth is somewhat dependent on the power supply
voltage. As the supply voltage is decreased for example, the
magnitude of internal junction capacitances is increased, causing
a reduction in closed-loop bandwidth. To compensate for this,
smaller values of feedback resistor are used at lower supply
voltages.

REV.D

Achieving the Flattest Gain Response at High Frequency
Achieving and maintaining gain flatness of better than 0.1 dB at
frequencies above 10 MHz requires careful consideration of
several issues.

Choice of Feedback and Gain Resistors

Because of the above-mentioned relationship between the 3 dB
bandwidth and the feedback resistor, the fine scale gain flatness
will, to some extent, vary with feedback resistor tolerance. It is,
therefore, recommended that resistors with a 1% tolerance be
used if it is desired to maintain flatness over a wide range of
production lots. In addition, resistors of different construction
have different associated parasitic capacitance and inductance.
Metal-film resistors were used for the bulk of the characteriza-
tion for this data sheet. It is possible that values other than those
indicated will be optimal for other resistor types.

Printed Circuit Board Layout Considerations

As to be expected for a wideband amplifier, PC board parasitics
can affect the overall closed loop performance. Of concern are
stray capacitances at the output and the inverting input nodes. If
a ground plane is to be used on the same side of the board as
the signal traces, a space (3/16" is plenty) should be left around
the signal lines to minimize coupling. Additionally, signal lines
connecting the feedback and gain resistors should be short
enough so that their associated inductance does not cause

high frequency gain errors. Line lengths less than 1/4" are
recommended.

Quality of Coaxial Cable

Optimum flatness when driving a coax cable is possible only
when the driven cable is terminated at each end with a resistor
matching its characteristic impedance. If the coax was ideal,
then the resulting flatness would not be affected by the length of
the cable. While outstanding results can be achieved using inex-
pensive cables, it should be noted that some variation in flatness
due to varying cable lengths may be experienced.

Power Supply Bypassing

Adequate power supply bypassing can be critical when optimiz-
ing the performance of a high frequency circuit. Inductance in
the power supply leads can form resonant circuits that produce
peaking in the amplifier’s response. In addition, if large current
transients must be delivered to the load, then bypass capacitors
(typically greater than 1 [iF) will be required to provide the best
settling time and lowest distortion. Although the recommended
0.1 pF power supply bypass capacitors will be sufficient in many
applications, more elaborate bypassing (such as using two paral-
leled capacitors) may be required in some cases.
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Driving Capacitive Loads

The feedback and gain resistor values in Table I will result in
very flat closed-loop responses in applications where the load
capacitances are below 10 pF. Capacitances greater than this
will result in increased peaking and overshoot, although not
necessarily in a sustained oscillation.

There are at least two very effective ways to compensate for this
effect. One way is to increase the magnitude of the feedback
resistor, which lowers the 3 dB frequency. The other method is
to include a small resistor in series with the output of the ampli-
fier to isolate it from the load capacitance. The results of these
two techniques are illustrated in Figure 32. Using a 1.5 kQ
feedback resistor, the output ripple is less than 0.5 dB when driv-
ing 100 pF. The main disadvantage of this method is that it
sacrifices a little bit of gain flatmess for increased capacitive load
drive capability. With the second method, using a series resistor,
the loss of flatness does not occur.

Reg

W

+Vg

Re (OPTIONAL)
W l ; 0 Vout
c,_;g i R

Figure 31. Recommended Connection for Driving a Large
Capacitive Load
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Figure 32. Performance Comparison of Two Methods for
Driving a Capacitive Load
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Figure 33. Recommended Value of Series Resistor vs. the
Amount of Capacitive Load

Figure 33 shows recommended resistor values for different load
capacitances. Refer again to Figure 32 for an example of the
results of this method. Note that it may be necessary to adjust
the gain setting resistor, Rg, to correct for the attenuation which
results due to the divider formed by the series resistor, Rg, and
the load resistance.

Applications which require driving a large load capacitance at a
high slew rate are often limited by the output current available
from the driving amplifier. For example, an amplifier limited to
25 mA output current cannot drive a 500 pF load at a slew rate
greater than 50 V/us. However, because of the AD811’s 100 mA
output current, a slew rate of 200 V/ys is achievable when driv-
ing this same 500 pF capacitor (see Figure 34).

Figure 34. Output Waveform of an AD811 Driving a
500 pF Load. Gain = +2, Reg =649 Q, ARs =15Q,
Rs = 10 kQ
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Operation as a Video Line Driver

The AD811 has been designed to offer outstanding perfor-
mance at closed-loop gains of one or greater, while driving
multiple reverse-terminated video loads. The lowest differential
gain and phase errors will be obtained when using +15 volt
power supplies. With +12 volt supplies, there will be an insig-
nificant increase in these errors and a slight improvement in
gain flatness. Due to power dissipation considerations, +12 volt
supplies are recommended for optimum video performance.
Excellent performance can be achieved at much lower supplies
as well.

The closed-loop gain vs. frequency at different supply voltages
is shown in Figure 36. Figure 37 is an oscilloscope photograph

of an AD811 line driver’s pulse response with + 15 volt supplies.

The differential gain and phase error vs. supply are plotted in
Figures 38 and 39, respectively.

Another important consideration when driving multiple cables
is the high frequency isolation between the outputs of the
cables. Due to its low output impedance, the AD811 achieves
better than 40 dB of output to output isolation at 5 MHz driv-
ing back terminated 75 Q cables.

75Q CABLE
64902 643Q2 v £
- e i e ouT
750
750
75 CABLE
Vout #2
Viy 750 CABLE 750
o—4_ ) 750

Figure 35. A Video Line Driver Operating at a Gain of +2
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Figure 36. Closed-Loop Gain vs. Frequency, Gain = +2
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Figure 37. Small Signal Pulse Response, Gain = +2,
Vs=£15V
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Figure 38. Differential Gain Error vs. Supply Voltage for
the Video Line Driver of Figure 35
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AD811

An 80 MHz Voltage-Controlled Amplifier Circuit

The voltage-controlled amplifier (VCA) circuit of Figure 40
shows the AD811 being used with the ADB834, a 500 MHz,
4-quadrant multiplier. The AD834 multiplies the signal input
by the dc control voltage, V. The AD834 outputs are in the
form of differential currents from a pair of open collectors,
ensuring that the full bandwidth of the multiplier (which ex-
ceeds 500 MHz) is available for certain applications. Here,
the AD811 op amp provides a buffered, single-ended ground-
referenced output. Using feedback resistors R8 and RO of
511 Q, the overall gain ranges from -70 dB, for Vg = 0 dB to
+12 dB, (a numerical gain of four), when Vg = +1 V. The over-
all transfer function of the VCA is:

VOU7‘= 4 (Xl ~X2)(Y1 - YZ)

which reduces to Voyr = 4 Vg Vi using the labeling conven-
tions shown in Figure 40. The circuit’s -3 dB bandwidth of

80 MHz, is maintained essentially constant—independent of
gain. The response can be maintained flat to within +0.1 dB
from dc to 40 MHz at full gain with the addition of an optional
capacitor of about 0.3 pF across the feedback resistor R8. The
circuit produces a full-scale output of +4 V fora +1 V input,
and can drive a reverse-terminated load of 50 Q or 75 Q to +2 V.

The gain can be increased to 20 dB (x10) by raising R8 and R9
to 1.27 kQ, with a corresponding decrease in —3 dB bandwidth
to about 25 MHz. The maximum output voltage under these
conditions will be increased to +9 V using +12 V supplies,

The gain-control input voltage, Vg, may be a positive or nega-
tive ground-referenced voltage, or fully differential, depending
on the user’s choice of connections at Pins 7 and 8. A positive
value of Vg results in an overall noninverting response. Revers-
ing the sign of Vg simply causes the sign of the overall response
to invert. In fact, although this circuit has been classified as a
voltage-controlled amplifier, it is also quite useful as a general-
purpose four-quadrant multiplier, with good load-driving capa-
bilities and fully-symmetrical responses from X- and Y-inputs.

The AD811 and AD834 can both be operated from power
supply voltages of +5 V. While it is not necessary to power them
from the same supplies, the common-mode voltage at W1 and
W2 must be biased within the common-mode range of the
ADS811’s input stage. To achieve the lowest differential gain and
phase errors, it is recommended that the AD811 be operated
from power supply voltages of +10 volts or greater. This VCA
circuit is designed to operate from a +12 volt dual power

supply.
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Figure 40. An 80 MHz Voltage-Controlled Amplifier

-12- REV.D



AD811

A Video Keyer Circuit
By using two AD834 multipliers, an AD811, and a 1 V de
source, a special form of a two-input VCA circuit called a
video keyer can be assembled. “Keying” is the term used in
reference to blending two or more video sources under the
control of a third signal or signals to create such special effects
as dissolves and overlays. The circuit shown in Figure 41 is a
two-input keyer, with video inputs V, and V3, and a control
input V. The transfer function (with Vour at the load) is
given by:

Vour =G V4 + (1-G) Vp
where G is a dimensionless variable (actually, just the gain of
the “A” signal path) that ranges from 0 when Vg = 0, to 1

when Vg = +1 V. Thus, Voyr varies continuously between Vj
and Vg as G varies from 0 to 1.

Circuit operation is straightforward. Consider first the signal
path through U1, which handles video input V. Its gain is
clearly zero when Vg = 0 and the scaling we have chosen
ensures that it is unity when Vg = +1 V; this takes care of the
first term of the transfer function. On the other hand, the Vg
input to U2 is taken to the inverting input X2 while X1 is
biased at an accurate +1 V. Thus, when Vi = 0, the response
to video input Vy is already at its full-scale value of unity,
whereas when Vg = +1 V, the differential input X1-X2 is zero.
This generates the second term.

The bias currents required at the output of the multipliers are
provided by R8 and R9. A dc-level-shifting network comprising
R10/R12 and R11/R13 ensures that the input nodes of the
ADB811 are positioned at a voltage within its common-mode
range. At high frequencies C1 and C2 bypass R10 and R11
respectively. R14 is included to lower the HF loop gain, and is
needed because the voltage-to-current conversion in the
ADB834s, via the Y2 inputs, results in an effective value of the
feedback resistance of 250 Q; this is only about half the value
required for optimum flatness in the AD811°s response. (Note
that this resistance is unaffected by G: when G = 1, all the
feedback is via U1, while when G = 0 it is all via U2).R14
reduces the fractional amount of output current from the multi-
pliers into the current-summing inverting input of the AD811,
by sharing it with R8. This resistor can be used to adjust the
bandwidth and damping factor to best suit the application.

To generate the 1 V dc needed for the “1-G” term an AD589
reference supplies 1.225 V+ 25 mV to a voltage divider consist-
ing of resistors R2 through R4. Potentiometer R3 should be
adjusted to provide exactly +1 V at the X1 input.

In this case, we have shown an arrangement using dual supplies
of £5'V for both the AD834 and the AD811. Also, the overall
gain in this case is arranged to be unity at the load, when it is
driven from a reverse-terminated 75 Q line. This means that the
“dual VCA” has to operate at a maximum gain of 2, rather

+5V c1 R14
01uF  sgg TEXT SETUP FOR DRIVING
4 —i REVERSE-TERMINATED LOAD
4530 R10 v
] 2.49kQ TOPIN 6 o out
v 1138 S of AD811
6 O——wWA——¢
2000 Z
(0TO +1V dc) 2260 °
TO Y2
\\ ; [ 8] [7][s st_I
X2 X1 4Vg Wi 2000
+5V
| INSET
R12 s U1 $R8 $R12
187k T Apssg AD834 22040 $e98k0

L

Y1 Y2 Vg W2

173::_@% TEIRI
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(=1VFs)
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10003
N} Blnlolo
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Figure 41. A Practical Video Keyer Circuit
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AD811

than 4 as in the VCA circuit of Figure 40. However, this cannot
be achieved by lowering the feedback resistor, since below a
critical value (not much less than 500 Q) the AD811’s peaking
may be unacceptable. This is because the dominant pole in the
open-loop ac response of a current-feedback amplifier is con-
trolled by this feedback resistor. It would be possible to operate
at a gain of X4 and then attenuate the signal at the output.
Instead, we have chosen to attenuate the signals by 6 dB at the
input to the AD811; this is the function of R8 through R11.

Figure 42 is a plot of the ac response of the feedback keyer,
when driving a reverse terminated 50 Q cable. Output noise and
adjacent channel feedthrough, with either channel fully off and
the other fully on, is about -50 dB to 10 MHz. The feedthrough
at 100 MHz is limited primarily by board layout. For Vg = +1 V,
the -3 dB bandwidth is 15 MHz when using a 137 Q resistor for
R14 and 70 MHz with R14 = 49.9 Q. For further information
regarding the design and operation of the VCA and video keyer
circuits, refer to the application note “Video VCA’s and Keyers
Using the AD834 & AD811” by Brunner, Clarke, and Gilbert,
available FREE from Analog Devices.
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Figure 42. A Plot of the AC Response of the Video Keyer
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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LF442

&National Semiconductor

LF442 Dual Low Power
JFET Input Operational Amplifier

General Description Features
The LF442 dual low power operational amplifiers provide ® Yo supply current of a LM1458 400 pA (max)
many of the same AC characteristics as the industry stan-  m Low input bias current 50 pA (max)
dard LM1458 while greatly improving the DC characteristics @ Low input offset voltage 1 mV (max)
of the LM1458. The amplifiers have the same bandwidth, g |ow input offset voltage drift 10 wV/°C (max)
slew rate, and gain (10 kQ load) as the LM1458 and only & High gain bandwidth 1 MHz
draw one tenth the supply current of the LM1458. In addi- ® High slew rate 1 V/us
tion the well matched high voltage JFET input devices of the ) s
LF442 reduce the input bias and offset currents by a factor ™ LOW noise voltage for low power 35 nV/Hz
of 10,000 over the LM1458. A combination of careful layout @ Low input noise current 0.01 pA/JHz
design and internal timming guarantees very low input off- B High input impedance 10120
set voltage and voltage drift. The LF442 also has a very low B High gain Vo = +10V, R_ = 10k 50k (min)
equivalent input noise voltage for a low power amplifier.
The LF442 is pin compatible with the LM1458 allowing an
immediate 10 times reduction in power drain in many appli-
cations. The LF442 should be used where low power dissi-
pation and good electrical characteristics are the major con-
siderations.
Typical Connection Ordering Information  Connection Diagrams

‘\;‘f. LF442XYZ Metal Can Package

X indicates electrical grade v

Vi
& Y indicates temperature range

o—A—4 “M" for military OUTPUT A oUTPUTB
—O C" for, commercial INVERTING INVERTING
Z indicates package type INPUT A INPUT B

“H" or “N” NON-INVERTIKG

5 ) NON-INVERTING
INPUT A

INPUT B

TL/H/9155-2
~Vee TL/H/9155-1 Top View
. . A Note: Pin 4 connected to case
Slmp“ﬂed Schematic Order Number LF442AMH
1/, Dual or LF442MH/883
Vee O— See NS Package Number HOBA
CD Dual-In-Line Package
Vo ouTPUT A — U L
- +
2 1
INVERTING INPUT A —f — OuTPUT B
/NS
£ o ot
NON.WVIEN?,LI:‘: —J s—- INVERTING INPUT 8
V= ] 5__ NONINVERTING
INPUT B
N INTERNALLY
INTERNALLY TRIMMED
TRIMMED TL/H/9155-4
Ve O 4 ] Top View
TL/H/9155-3 Order Number LF442ACN or LF442CN

See NS Package Number NOSE
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Absolute Maximum Ratings’

chvdl

If Military/Aerospace specified devices are required, H Package N Package
please contact the National Semiconductor Sales Tj max 150°C 115°C
Office/Distributors for availability and specifications. 6,4 (Typical)
(Note 9) (Note 3) 65°C/W 114°C/W
LF442A LF442 (Note 4) 165°C/W 152°C/W

Supply Voltage +22V +18V 6,c (Typical) 21°C/W
Differential Input Voltage +38V +30V Operating Temperature (Note 4) (Note 4)
Input Voltage Range +19V +15V Range

(Note 1) Storage —65°C<TA<150°C—65°C<TA< 150°C
Output Short Circuit Continuous Continuous Temperature Range

Duration (Note 2) Lead Temperature 260°C 260°C

(Soldering, 10 sec.)
ESD Tolerance Rating to be determined

DC Electrical Characteristics (Note6)

Symbol Parameter Conditions il Ll Units
Min Typ | Max Min Typ | Max
Vos Input Offset Voltage Rg = 10kQ, Ta = 25°C 05 | 1.0 10 | 50 mv
Over Temperature 75 mV
AVos/AT AO\;fes;a(g\e/zo‘ll"ggo; Input Rs = 10 kQ = 10 7 VG
los Input Offset Current Vg = =15V Tj = 25°C 5 25 5 50 PA
NS Kateekoed 15 15 | nA
T, = 125°C 10 nA
I Input Bias Current Vg &= i_15V N LI 6 10 50 10 100 pA "
(Notes 6 and 7) Tj= 70°C 3 g nA
Tj = 125°C 20 nA
RiN Input Resistance T; =25°C 1012 1012 Q
AvoL Iéz:ie Signal Voltage \éf > 1:015(‘:'- ¥§ - 2‘-;]8"- 50 | 200 25 | 200 v/mv
Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing | Vg = +15V, R = 10kQ £12 | +13 +12 | +13 Y
Veum Input Common-Mode +16 | +18 +11 +14 Vv
Voltage Range —-17 -12 \"
CMRR gzjrzglc;r:\l\:‘zﬁs Rs < 10kQ 80 | 100 70 | 95 dB
PSRR ﬁifﬁlf.!:gi?i (Note 8) 80 | 100 70 | 90 dB
Is Supply Current 300 400 400 500 pA
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AC Electrical Characteristics (Note 6)

LF
Symbol Parameter Conditions LEa4eA i Units
Min Typ Max | Min Typ Max
Amplifier to Amplifier Ta = 25°C, f = 1 Hz-20 kHz
_.1 -
Coupling (Input Referred) 20 L S
SR Slew Rate Vg = +15V,Tp = 25°C 0.8 1 0.6 1 V/ s
GBW Gain-Bandwidth Product | Vg = +15V, Ty = 25°C 0.8 1 0.6 1 MHz
en Equivalent Input Noise Ta = 25°C, Rg = 100Q, 35 35 v/
Voltage f =1kHz
in Equivalent Input-Noise Ta = 25°C,f = 1kHz 0.01 0.01 pA/\FZ
Current

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded.

Note 3: The value given is in 400 linear feet/min air flow. .

Note 4: The value given is in static air.

Note 5: These devices are available in both the commercial temperature range 0°C < T4 < 70°C and the military temperature range —55°C < Ta < 125°C. The
temperature range is designated by the position just before the package type in the device number. A “C" indicates the commercial temperature range and an"‘M"
indicates the military temperature range. The military temperature range is available in *H" package only.

Note 6: Unless otherwise specified, the specifications apply over the full temperature range and for Vg = 20V for the LF442A and for Vg = %15V forthe LF442.
Vos. lg. and log are measured at Ve = 0.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj = Ta + 6;jaPp where 6} is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from
+15V to £5V for the LF442 and +20V tc =5V for the LF442A.

Note 9: Refer to RETS442X for LF442MH military specifications.
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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TL/H/9155-10

TIME (10 us/DIV)
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Application Hints

This device is a dual low power op amp with internally
trimmed input offset voltages and JFET input devices
(BI-FET Il). These JFETs have large reverse breakdown
voltages from gate to source and drain eliminating the need
for clamps across the inputs. Therefore, large differential
input voltages can easily be accommodated without a large
increase in input current. The maximum differential input
voltage is independent of the supply voltages. However, nei-
ther of the input voltages should be allowed to exceed the
negative supply as this will cause large currents to flow
which can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, anincrease in input offset voltage
may occur.

Each amplifier is individually biased to allow normal circuit
operation with power supplies of +3.0V. Supply voltages
less than these may degrade the common-mode rejection
and restrict the output voltage swing.

Typical Applications

The amplifiers will drive a 10 kQ load resistance to * 10V
over the full temperature range.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize *pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequenty there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

Battery Powered Strip Chart Preamplifier

INPUT 10k 3im GAIN s

TIME CONSTANT

1
EC

(+)
1/2 LFa42 2 ?

10 50 100

SEC SEC SEC  SEC

ol

INPUT 2 .
) i
y
S

100 pF

20.4k
250k & 110k, 10k

Runs from Qv batteries (+ 9V supplies)
Fully settable gain and time constant

Battery powered supply allows direct plug-in in-
terface to strip chart recorder without common-
mode problems

OUTPUT TO
STRIP

CHART

TL/H/9155-11




Typical Applications (Continued)

“No FET"” Low Power V — F Converter

03

1
Il AR
L

WA
00 y 4 2pF

—— [
INPUT ‘A’ 2 [\Ev
ov-10v @_*4/" - ™

121F62 DA .

1.2v =
™ 01 -15V

-15v

High Efficiency Crystal Oven Controller

15V

* Teontrol = 75°C

e Al's output represents the ampli-
fied difference between the LM335
temperature sensor and the crystal
oven's temperature

N, 1 ™ 121F482 D> —@W"’”T
Lm185

Trim 1M pot for 1 kHz full-scale out-
put

15 mW power drain

No integrator reset FET required
Mount D1 and D2 in close proximity
1% linearity to 1 kHz

1 Hz-1 kHz

TL/H/9155-12

1.2M

* A2, a free running duty cycle mod- LM185-1.2
ulator, drives the LM395 to com-

plete a servo loop

100k

AAA

e Switched mode operation yields

VW

high efficiency
* 1% metal film resistor

15V

1k

Conventional Log Amplifier

Rin
W b @=‘v‘.‘.

100k 1™ R
OFFSET
VOLTAGE
ADJUST

1«
—15v

Eout = - [Iog 10 (.FE"T:) + 5]

Ry = Tel Labs type Q81
Trim 5k for 10 pA through the 5k-120k combination
*1% film resistor

MV AL ) -

TL/H/2155-13

100k
AAA— 15V

IM185-1.2

TL/H/9155-14

1-91

(AL
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Typical Applications (continued)

" L . Q1, Q2, Q3 are included on LM389
Unconventional Log Amplifier amplifier chip which is temperature-

15V stabilized by the LM389 and Q2-Q3,
which act as a heater-sensor pair.

Qt, the logging transistor, is thus im-

| LstOL—12 mune to ambient temperature varia-
tion and requires no temperature
* % compensation at all.
10k
100k
SCALE
L3z 10" FACTOR
ADJU
7 75K* L
16
1k
ouTPUT
il gV 0-10V FOR INPUTS
OF 10 nA-1mA
1 LOG INPUT
|
£L0G INPUT O—AAA~
15V
50k
ZERO
ADJUST
—-15v TL/H/9155-15
Detailed Schematic
1/, Dual
o—OV*
R1
an 1.7k
Q8
oVo
R6
400
Q9
v-

TL/H/9155-16






