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1 P1: PUSH Sl
2 PUSH CX

3 MOV  SI, 100H
4 MOV CX, 9H
5 MOV AL, 90H
6 P2: MOV  [SI], AL
7 SUB AL, 10H
8 INC Sl

9 DEC CX

10 Nz P2

11 POP  CX

12 POP Sl

13 RET

10,7, 6 7900y MNXNIN NN 12010 .N
NN NMWNNN SY NPPON NN 1200 LA

NN NHYN-NNA POP-Y PUSH MXNNN DY JDPIN NN 7200 L)

6 Twmya Tunn



N"DUN VP ,DaWNm ApNIvPON
815201 90D

8 NHNY

DOYIN NN 8 NONYD "2 91NN L40H IN2INOY LOP NNK DY DOWIN NM 8 NONWD 'N TN
: 41H yN2now VO NNYN HY

nNON Dy
woP D 4

Dy o—» 5V

8 NHNYY /N N

R 7

D, . LED 0

nNown Dy
Vo9 D,

De| g V4
D7 +—KJ—

LED 7

o—»5V

8 NONYY 72 N
NN APYOTH NNYN~NN — MO S I3NDN DN :S 18NN DY 1NN I DPTIAY N1NY-NN 230D

DM DX APPDTN NNYA"NN — MN NI OX ; D7+ Dy NP> MI2INNnN LED-N Ny
.D3 +Dg ©MpPo mMI2nnn LED-N

7 Twya Tunn



N"DWN PP ,DaWNM NPINIOPON -7-

815201 50D
9 NOHNY
N2 DI OV DOVIN PN /N PYD L9 NIONYD PN LN
Al4—{1 U 28 V.
Al12—{2 27 -WE
A7—3 26 A13
A6— 4 25 A8
A5—5 24 |—A9
A4—6 23 A1l
A3—7 22 —OE
A2—8 21 |I—A10
Al—9 20 —CS
A0—{ 10 19 |—1/Og
1/10;— 11 18 |—1/0y
1/0,— 12 17 |—1/0g
/03— 13 16 |—1/05
Ve— 14 15 |—1/O4

N PYO 9 NONYY N

NN DX PRy 1 EPROM I ROM , RAM )92 09900 .1
1 KB-a i STaonn .2

190 975w CS -y OE DTN YW DTPan NX 1aon .3

.02y oM DN 8088 TayNa YTH\NIINID MNP WTN Y100 .1 LA

. B4ABT373 25590 HY¥ 099N 97T DMINI 9 NONWH NaDY .2
S 02219010 YNR\NAINID MNPH NAININ NP NTIVND DINN DIYWIN LVLID
. 54ABT373 22910 N7tya, 8088 Taynn

fPNbyna

DN NOTNRD NMNY DIV MR
SPNN TIVN MY XOX DDA N PINYND PN



D»TID-YY 790-N1Y MM IPNAN ND SNRIW? I
2001 N"DWUD PP NN TVIN TINN TIWN
815201 :)ONWY NAD)

NN 922¥NY PN
NN JN2ID PRNDNIN

@y 1 D2AVYNNI NPIIIVPINA PINNDI
’a — /N MY

D'9%2PN NPPNIVPIN MILPNI MINNDY .1

H52)0 VN

NN BN — Ay
AV :ﬁ
NXI NN — V,  [V] Vi
Nannm — Vo [V]
Ay =201 Vo
DYDY NN BN — Ay [dB] v =0y
DN NN — A
I
Xy on — I, [A] Ar=>
|
Napow — | [A]
DYVN¥TADN N — A} [dB] A|=20Iog||—°
i
PavN MWD — Ap
N¥W Pavn — By [W] AP:&:AV A, :A|2 ﬁ :A\i E—B—'
P R; R
NYap paon — B [W] ' ' L
ony ™ — Ry [Q]
NIn MmN — Ry [Q]

2 Tmya Tunn



DYaYNM NPINIVPONI PRNDN
N"DWN P ,815201 1ONWD NAD)

DYDNTA PADN 12N

nIT N DY 5510 7300
(NTPOP) DIVWIYA MHIINHN

Ap [dB]

Avt

P
Ap =10log—2
P QP

Ayt(dB) = Ayq(dB) + Ayo(dB) + Ay3(dB) +...... + Ay (dB)

NOYv Y812 550 90 — Ayr [dB
NIWIYI MDA NINIT
(NTPOP)
Nanpaon — B [W]
DPAvIN TIN PavN — P [W]
opwn paon — R [W]
NN PN — Py [W]
(MO NN DIWH DY TN — Ay
(MDN NN IDN) WD NID D — A
WN 07PN —
NI oN — Ip  [A]
NI N — Vp o [A]
NPN M ON — Ig  [A]
01-Ge (OVIDM)
PIPRN=Ho_ s mpwo)
nMvvne — T [°K]

3 Tmya Tvnn

DPAVN 1INN

R +Pec =P +Fiiss

00V 2IWn

A
1+PA

Af=

11

|D:|S(eVD”‘VT —1)

V+ =
T 711,600




DYAYNNDI NPINIVPINI PIRNDY -3-
N"DWD Y ,815201 NONYO NOD)

(>>y9 DINNI) IRVIITIT NVDIIIV
(Icgo M1OY DN NNNI)

VP ON — ¢ [A]
lc=Blg, lg=(B+)lg, lg=Ic+lg
o9 0N — I [A]
D01 0" — g [A]
o :I—C: B , B: a
lg B+1 1-a
(Icgo MY DM AWNNNI)
D00 VNP PN ON —  lcgo [A]
= +(B+
MIN9 KON NI lc=Plg *(B+1) Iceo

INWIITIT MOV SV h NN 39PN DI DIVIN

Bo > < o C
hie hte Up
O L 2 O
E

CE Rg 7 0y CE

A| hfe hfe

Ri hie hie +(1+ hfe)RE

A hte (R hte (R

V — —

he R

R, 00 I

4 Tmya Tvnn



DYaYNM NPINIVPONI PRNDN -4-
N"DWN P ,815201 1ONWD NAD)

EET 909190

AN DT’ — Ip  [A]
NpNd WYn panmm — Vgg [V] B U VGSDZ
Ip =lpss El‘v—g
nvasnm — Vv, [V] P
Vgs =0 My parn 0% — Ipss [A]
2lpss B VgsH
oo Om =22 -850
I MY — om EE Vo |0 VO
0L O 2l
Vgs =0 May mT70 MM — gmo Omo = 25
mH m | Vp |

FET — DTV RN MOV YW 399p1 NI DIVIN

G D
o ’ O
Om D‘/gs r
Vgs d Vds
_ O
S
AV =—Om [@rd || RL)
CS M2°N2 MOVDWILVN NN — Ay
GMmWN Npn)
A ~ gm DRS
CD 12>n2 MDD 1N — Ay V7 1+(gm +9q) Rs
(Gmwn pan)
1
Npo Mwa ™ — Rg [ 9d =
d

5 Ty Junn



DYAYNNDI NPINIVPINI PIRNDY -5-
N"DWD Y ,815201 NONYO NOD)

NN ONI vIvn — Vg o [V]
NN ONID YD — Ve [V]
WION 1M — Ay

GMWNN MND N — A,

Vl = —V2 :Vi IYND

Vl = V2 = Vi IYND

aMYnn MNN n»NT onN — CMRR

Y990 93

Vo =Ag Vg +Ac Vg

Vio—— qn
Vyo—| w90

_VO - VO
Ad=Y |Vc=0'2vi
_VO _VO
AC—V— |Vd‘0_vi
CMRR =| 2d

29910 *92Mm

PL = Vief Uierr =

2
VLmaxD]Lmax =VLeff ZIEeff R,
2 R,

opwn pavn — R [W]
OOWN DY Y N — Vgt [V]
OOWI PW DN — g [A]
MOV OMY NI — Vi max [V]
MOV ODY BN — I g [A]
onw ™y — R [Q]

6 TNy Tunn




DYaYNM NPINIVPONI PRNDN -6-
N"DWN P ,815201 1ONWD NAD)

PADNN TINN PODIN — Poe  [W] B Vel
cc = Vee Hav
yS mnn 0w — gy [V]
NN NN — Ve [V]
OYI9 03 DY ySINN 0NN — Iy [A] | = 2l max
g = SmaX
1
NV ON — g [A]
MNOOMILI WIANIN PADN — By [W] Pb =Pec =P
m»y) — n n= P
|:>CC
NV NI — Vi
n="1 Y/max
4 Vee
NON PODN 1WA MY — N
CLASSB
_2Vec?
2715390 MWD PAON —  Pomay [W] Pemax = ZR
L
NDN 12302 DNVDIION
CLASSB
1) W) 1anmn
= 1
mmnn I — f,  [HZ] oSSR
nnnN BN — Ay Ay 23

7 Ty Junn



DYAYNNDI NPINIVPINI PIRNDY
N"DWD Y ,815201 NONYO NOD)

*8086/88 DITAYMINPINY MTIPA YOIN .2

ADC ADC destination, source Flags ODITSZAPC
Add with carry X X X X XX

Operands Clocks | Transfers* | Bytes Coding Example

register, register 3(3) — 2 ADCAX, S

register, memory 9(10)+EA 1 2-4 | ADCCX, BETA[S]

memory, register 16(10)+EA 2 2-4 | ADCALPHA [BX][SI], DI

register, immediate 4(4) — 3-4 | ADCBX, 256

memory, immediate 17(16)+EA 2 3-6 | ADC GAMMA, 30H

accumulator, immediate | 4(3-4) — 2-3 | ADCAL,5

ADD ADD destination, source Flags ODITSZAPC
Addition X X X X XX

Operands Clocks | Transfers* | Bytes Coding Example

register, register 3(3) — 2 ADD CX, DX

register, memory 9(10)+EA 1 2-4 | ADD DI, [BX].ALPHA

memory, register 16(10)+EA 2 2-4 | ADD TEMP, CL

register, immediate 4(4) — 34 | ADDCL,2

memory, immediate 17(16)+EA 2 36 | ADDALPHA,?2

accumulator, immediate | 4(3-4) — 2-3 | ADDAX, 200

AND AND destination, source Flags ODIT SZAPC
Logica and 0] XX UXO

Operands Clocks |Transfers* | Bytes Coding Example

register, register 3(3) — 2 AND AL, BL

register, memory 9(10)+EA 1 2-4 | AND CX, FLAG_WORD

memory, register 16(10)+EA 2 2-4 | AND ASCII [DI], AL

register, immediate 4(4) — 3-4 | AND CX, OFOH

memory, immediate 17(16)+EA 2 3-6 | AND BETA, 01H

accumulator, immediate | 4(3-4) — 2-3 | AND AX, 01010000B

09X MIND NP *
oaxmn — 0 noWonn yowm — X
"1" Yapn — 1 (Undefined) N2wan »anN MmO — U
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CALL CALL target Flags ODITSZAPC
Call aprocedure X XX X XX

Operands Clocks | Transfers* | Bytes Coding Example

near-proc 19(14) 1 3 CALL NEAR__PROC

far-proc 28(23) 2 5 CALL FOR__PROC

memptr 16 21(19)+EA 2 2-4 | CALL PROC_TABLE[SI]

regptr 16 16(13) 1 2 CALL AX

memptr 32 37(38)+EA 4 2-4 | CALL [BX] TASK [SI]

CLC CLC (no operands) Flags ODITSZAPC
Clear carry flag @]

Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 2(2) — 1 CLC

CLI CLI (no operands) Flags ODITSZAPC
Clear interrupt flag

Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 2(2) — 1 CLI

CMP CMP destination, source Flags ODIT SZ APC
Compare destination to source X X X X X X

Operands Clocks | Transfers* | Bytes Coding Example

register, register 3(3) — 2 CMP BX, CX

register, memory 9(10)+EA 1 2-4 | CMP DH, ALPHA

memory, register 9(10)+EA 1 2-4 | CMP [BP+2], S

register, immediate 4(3)+EA — 34 | CMP BL, 02H

memory, immediate 10(10)+EA 1 3-6 | CMP [BX].RADAR[DI], 3420H

accumulator, immediate| 4(3-4) — 2-3 | CMP AL, 00010000B
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CMPS

CMPS des-string, source-string

ODITSZ APC

i Flags
Compare string X XX XXX
Operands Clocks | Transfers* | Bytes Coding Example
dest—string, 22(22) 2 1 CMPS BUSS1, BUFF2
source-string (repeat)
9+22/rep 2/rep 1 REPE CMPSID, KEY
dest—string, source-string | (5+22/rep)

DAA DAA (no operands) Flags ODITSZ APC
Decimal adjust for addition X XXX XX

Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 4(4) — 1 DAA

DAS DAS (no operands) Flags ODITSZAPC
Decimal adjust for subtraction U XX X XX

Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 4(4) — 1 DAS

DEC DEC destination Flags ODITSZ APC
Decrement by 1 X X X X X

Operands Clocks | Transfers* | Bytes Coding Example

reg 16 3(3) — 1 DEC AX

reg 8 3(3) — 2 DEC AL

memory 15(15)+EA 2 2-4 | DEC ARRAY [9l]
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DIV DIV source Flags ODITSZ APC
Division, unsigned U Uuuuuu

Operands Clocks | Transfers* | Bytes Coding Example

reg 8 80-90(29) — 2 DIV CL

reg 16 144-162(38 — 2 DIV BX

mem 8 86-96+EA 1 2-4 | DIV ALPHA

(35)
mem 16 150-168+ 1 2-4 | DIV TABLE[SI]
EA(94)

IN IN accumulator, port Flags ODITSZAPC
Input byte or word

Operands Clocks | Transfers* | Bytes Coding Example

accumulator, immed 8 | 10(10) 1 2 IN AL, OFEH

accumulator, DX 8(8) 1 1 IN AX, DX

INC INC destination Flags ODITSZAPC
Increment by 1 X X X X X

Operands Clocks | Transfers* | Bytes Coding Example

reg 16 3(3) — 1 INC CX

reg 8 3(3) — 2 INC BL

memory 15(15)+EA 2 2-4 | INCALPHA [DI] [BX]

INT INT interrupt-type Flags ODITSZAPC
Interrupt (ONO)

Operands Clocks | Transfers* | Bytes Coding Example

immed 8 (type=3) 52(45) 5 1 INT 3

immed 8 (type£3) 52(47) 5 2 INT 67

IRET IRET (no operands) Flagso DITSZAPC
Interrupt Return RR RRRRRRR

Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 32(28) 3 1 IRET
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JC JC short-label Flags ODITSZAPC
Jump if carry
Operands Clocks | Transfers® | Bytes Coding Example
short-label 16 or — 2 JC CARRY__SET
4(13 or 4)
JE/JZ JE/JZ short-label Flags ODITSZAPC
Jump if equal/Jump if zero
Operands Clocks | Transfers® | Bytes Coding Example
short-label 16 or — 2 JZ ZERO
4(13 or 4)
JMP JMP target ODITSZAPC
Flags
Jump
Operands Clocks | Transfers* | Bytes Coding Example
short-label 15(13) — 2 JMP SHORT
near-label 15(13) — 3 JMPWITHIN_SEGMENT
far-label 15(13) — 5 JMPFAR_LABEL
memptr 16 18(17)+EA 1 2-4 | IMP[BX] TARGET
regptr 16 11(112) — 2 JMPCX
memptr 32 24(26)+EA 2 2-4 | IMPOTHER.SEG [SI]
JNC JNC short-label Flags ODITSZAPC
Jump if not carry
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or — 2 IJNC NOT_CARRY
4(13 or 4)
JNE/INZ JINE/INZ short-label Flags ODITSZAPC
Jump if not equal/Jump if not zero
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16 or — 2 JNE NOT_EQUAL
4(13 or 4)
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LEA LEA destination, source Flags ODITSZAPC
Load effective address
Operands Clocks | Transfers* | Bytes Coding Example
reg 16, mem 16 2(6)+EA — 2-4 | LEA BX,[BP] [DI]
LOOP L OOP short-label ODITSZAPC
Flags
Loop
Operands Clocks | Transfers* | Bytes Coding Example
short label 17/5(15/5) — 2 LOOPAGAIN
MOV MOV destination, source Flags ODITSZAPC
Move
Operands Clocks | Transfers* | Bytes Coding Example
memory, accumulator | 10(9) 1 3 MOV ARRAY [SI], AL
accumulator, memory | 10(8) 1 3 MOV AX, TEMP_RESULT
register, register 2(2) — 2 MOV AX, CX
register, memory 8(12)+EA 1 2-4 | MOV BP, STACK-_TOP
memory, register 9(9)+EA 1 2-4 | MOV COUNT [DI], CX
register, immediate 4(3-4) — 2-3 | MOV CL, 2
memory, immediate 10(12-13) 1 3-6 | MOV MASK [BX] [SI], 2CH
+EA
seg-reg, reg 16 2(2) — 2 MQV ES, CX
Seg-reg, mem 16 8(9)+EA 1 2-4 | MOV DS, SEGMENT_BASE
reg 16, seg-reg 2(2) — 2 MOV BP, SS
memory, seg-reg 9(11)+EA 1 2-4 | MOV [BX] SEG_SAVE, CS
MOVSB/MOVSW MOV SB/MOV SW (no operands) Flags ODITSZAPC
Move string (byte/word)
Operands Clocks |Transfers* | Bytes Coding Example
(no operands) 18(9) 2 1 MOV SB
(repeat) (no operands) | 9+17/rep 2/rep 1 REP MOV SW
(8+8/rep)
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MUL MUL source Flags ODITSZAPC
Multiplication, unsigned X UuUuuuX
Operands Clocks |Transfers* | Bytes Coding Example
reg 8 70-77 — 2 MUL BL
(26-28)
reg 16 118-133 — 2 MUL CX
(35-37)
mem 8 76-83+ 1 2-4 | MUL MONTH [SI]
EA(32-34)
mem 16 124-139+ 1 2-4 | MUL BAUD_RATE
EA(41-43)
NOP NOP (no operands) Flags ODITSZAPC
No Operation
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 3(3) — 1 NOP
NOT NOT destination Flags ODITSZAPC
Logical not
Operands Clocks | Transfers* | Bytes Coding Example
register 3(3) — 2 NOT AX
memory 16(3)+EA 2 2-4 | NOT CHARACTER
OR OR destination, source Flags ODITS Z APC
Logical inclusive or O XX UXO
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3(3) — 2 ORAL, BL
register, memory 9(10)+EA 1 2-4 | ORDX, PORT_ID [DlI]
memory, register 16(10)+EA 2 2-4 | ORFLAG_BYTE, CL
accumulator, immediate| 4(3-4) — 2-3 | ORAL, 011011008
register, immediate 4(4) — 34 | ORCX, 01H
memory, immediate 17(16)+EA 2 36 | OR[BX].CMD_WORD, OCFH
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ouT OUT port, accumulator Flags ODITS ZAPC
Output byte or word
Operands Clocks | Transfers* | Bytes Coding Example
immed 8, accumulator | 10(9) 1 2 OUT 44, AX
DX, accumulator 8(7) 1 1 OUT DX, AL
POP POP destination Flags ODITS Z APC
Pop word off stack
Operands Clocks | Transferst | Bytes Coding Example
register 8(10) 1 1 POP DX
seg-reg (CSillegal) 8(8) 1 1 POPDS
memory 17(20)+EA 2 2-4 | POPPARAMETER
PUSH PUSH source Flags ODITS Z APC
Push word onto stack
Operands Clocks | Transfers* | Bytes Coding Example
register 11(10) 1 1 PUSH S|
seg-reg (CS legal) 10(9) 1 1 PUSH ES
memory 16(16)+EA 2 2-4 | PUSH RETURN__CODE [Sl]
RCL RCL destination, count Flags ODITS ZAPC
Rotate left through carry X C
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2(2) — 2 RCL CX, 1
register, CL 8+4/ — 2 RCL AL, CL
bit(5+1/bit)
memory, 1 15(15)+EA 2 2-4 | RCLALPHA,1
memory, CL 20+4/ 2 2-4 | RCL [BP].PARAM, CL
bit(17+
Ubit)+EA
register, n (5+1/Bit) — 3 RCL CX, 5
memory, n (17+1/bit) 2 35 | RCLALPHA,5
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RCR RCR destination, count Flags ODITS Z APC
Rotate right through carry C
Operands Clocks | Transfers® | Bytes Coding Example
register, 1 2(2) — 2 RCRBX, 1
register, CL 8+4/ — 2 RCRBL, CL
bit(5+1/bit)
memory, 1 15(15)+EA 2 2-4 | RCR[BX].STATUS, 1
memory, CL 20+4/ 2 2-4 | RCRARRAY [DI],CL
bit(17+
1bit)+EA
register, n (5+1/hit) — 3 RCRBX, 5
memory, n (17+1/bit) 2 35 | RCRALPHA,5
REP REP (no operands) Flags ODITSZAPC
Repeat string operation
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2(2) — 1 REP MOV S DEST, SRCE
RET RET optional-pop-vaue Flags ODITSZAPC
Return from procedure
Operands Clocks | Transfers* | Bytes Coding Example
(intra-segment, no pop) | 16(16) 1 1 RET
(intra-segment, pop) 20(18) 1 3 RET 4
(inter-segment, no pop) | 26(22) 2 1 RET
(inter-segment, pop) 25(25) 2 3 RET 2
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ROL ROL destination, count Flags ODITSZAPC
Rotate left X X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2(2) — 2 ROL BX, 1
register, CL 8+4/ — 2 ROL DI, CL
bit(5+1/bit)
memory, 1 15(15)+EA 2 2-4 | ROL FLAG_BYTE[DI], 1
memory, CL 20+4/ 2 2-4 | ROLALPHA, CL
bit(17+
Ubit)+EA
register, n (5+L/bit) — 3 ROL BX, 5
memory, n (17+1/bit) 2 3-5 | ROL BETA,5
ROR ROR destination, count Flags ODITSZAPC
Rotate right X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2(2) — 2 RORBX, 1
register, CL 8+4/ — 2 ROR BX, CL
bit(5+1/bit)
memory, 1 15(15)+EA 2 2-4 | ROR PORT_STATUS, 1
memory, CL 20+4/ 2 2-4 ROR CMD_WORD, CL
bit(17+
Ubit)+EA
register, n (5+1/bit) — 3 ROR BX, 5
memory, n (17+1/bit) 2 35 | RORBETA,5
SBB SBB destination, source Flags ODITSZAPC
Subtract with borrow X XXX XX
Operands Clocks | Transferst | Bytes Coding Example
register, register 33 — 2 SBB BX, CX
register, memory 9(10)+EA 1 2-4 | SBB DI, [BX].PAYMENT
memory, register 16(10)+EA 2 2-4 | SBB BALANCE, AX
accumulator, immediate| 4(3-4) — 2-3 | SBBAX, 2
register, immediate 4(4) — 34 | SBBCL,1
memory, immediate 17(16)+EA 2 3-6 | SBB COUNT [S], 10
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STC STC (no operands) ODITSZAPC
Flags

Set carry flag C

Operands Clocks | Transfers® | Bytes Coding Example

(no operands) 2(2) — 1 STC

STl STI (no operands) FIagsODITSZAPC
Set interrupt enable flag 1

Operands Clocks | Transfers* | Bytes Coding Example

(no operands) 2(2) — 1 STI

SUB SUB destination,source Flags ODITSZAPC
Subtraction X XX XXX

Operands Clocks | Transfers* | Bytes Coding Example

register, register 3(3) — 2 SUB CX, BX

register, memory 9(10)+EA 1 2-4 | SUB DX, MATH_TOTAL [SI]

memory, register 16(10)+EA 2 2-4 | SUB [BP+2], CL

accumulator, immediate| 4(3-4) — 2-3 | SUBAL, 10

register, immediate 4(4) — 3-4 | SUB SI, 5280

memory, immediate 17(16)+EA 2 3-6 | SUB[BP].BALANCE, 1000

TEST TEST destination, source Flags ODITSZAPC
Test or non-destructive logical and X XXUXO

Operands Clocks | Transfers* | Bytes Coding Example

register, register 3(3) — 2 TEST Sl, DI

register, memory 9(10)+EA 1 2-4 | TEST SlI, END_COUNT

accumulator, immediate| 4(3-4) — 2-3 | TEST AL, 001000008

register, immediate 5(4) — 3-4 | TEST BX, 0CC4H

memory, immediate 11(10)+EA — 3-6 | TEST RETURN_COUNT, 01H
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XCHG XCHG destination, source Flags ODITSZAPC
Exchange

Operands Clocks | Transfers* | Bytes Coding Example

accumulator, reg 16 3(3) — 1 XCHG AX, BX

memory, register 17(17)+EA 2 2-4 | XCHG SEMAPHORE, AX

register, register 4(4) — 2 XCHGAL, BL

XLAT XLAT source-table Flags ODITSZAPC
Trangdlate

Operands Clocks | Transfers® | Bytes Coding Example

source-table 11(11) 1 1 XLAT ASCII_TAB

XOR XOR destination, source Flags ODITSZAPC
Logical exclusive or X XXUXO

Operands Clocks | Transferst | Bytes Coding Example

register, register 3(3) — 2 XOR CX, BX

register, memory 9(10)+EA 1 2-4 | XORCL,MASK_BYTE

memory, register 16(10)+EA 2 2-4 | XORALPHA[SI], DX

accumulator, immediate| 4(3-4) — 2-3 | XORAL, 01000010B

register, immediate 4(4) — 3-4 | XOR S, 00C2H

memory, immediate 17(16)+EA 2 3-6 | XORRETURN_ CODE, 0D2H
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National Semiconductor

LM723/LM723C
Voltage Regulator

General Description

The LM723/LM723C is a voltage regulator designed prima-
rily for series regulator applications. By itself, it will supply
output currents up to 150 mA; but external transistors can be
added to provide any desired load current. The circuit fea-
tures extremely low standby current drain, and provision is
made for either linear or foldback current limiting.

The LM723/LM723C is also useful in a wide range of other
applications such as a shunt regulator, a current regulator or
a temperature controller.

The LM723C is identical to the LM723 except that the
LM723C has its performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

June 1999

Features

m 150 mA output current without external pass transistor

® Output currents in excess of 10A possible by adding
external transistors

® |nput voltage 40V max

Output voltage adjustable from 2V to 37V

m Can be used as either a linear or a switching regulator

Connection Diagrams

Dual-In-Line Package
/

NC— 14—NC

13— FREQUENCY
COMPENSATION

12f—v*

CURRENT LIMIT—
CURRENT SENSE—{

INVERTING INPUT=—

NON-INVERTING _}
INPUT

Vrer
V- —

v,
10— Vour
ob-v,
8f-ne

MRS

DS008563-2
Top View
Order Number LM723J/883 or LM723CN
See NS Package J14A or N14A

Metal Can Package

CURRENT
Lumim

FREQUENCY

SENSE COMPENSATION

DS008563-3

Note: Pin 5 connected to case.

Top View
Order Number LM723H, LM723H/883 or LM723CH
See NS Package H10C

© 1999 National Semiconductor Corporation DS008563
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Typical Application

R1R2

Note: R3 = R+ R2

for minimum temperature drift.

Regulated Output Voltage
Line Regulation (AVy = 3V)
Load Regulation (Al_ = 50 mA)

FREQUENCY

*Pin numbers refer to metal can package.

v COMPENSATION
°l ’ Ve
INVERTING
TEMPERATURE INPUT
COMPENSATED
ZENER
Vaer ERROR SERIES PASS
AMPLIFIER AMPLIFIER TRANSISTOR
3
NON-INVERTING Vour
N INPUT
CURRENT
LIMITER
V.
5 10 1 z
v CURRENT CURRENT
LMt SENSE
DS008563-4
Vin
v IvCC
Vour
Vrer
R,
tmiz3 o AAA REGULATED
S L7236 VvV ouTPUT
>
(, R1
cs
' R3
N INV. AAA
> J
Crer S €1100 pF
I‘ nEF g A2 vl comP P
DS008563-8

Typical Performance

5V
0.5mVv
1.5mv

FIGURE 1. Basic Low Voltage Regulator
(Vout = 2 to 7 Volts)
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Absolute Maximum Ratings  (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

900 mw
660 mw

Cavity DIP (Note 2)
Molded DIP (Note 2)
Operating Temperature Range

LM723 -55°C to +150°C

(Note 10)

LM723C

Storage Temperature Range

0°C to +70°C

A o o0
Input-Output Voltage Differential 40V Molded DIP . ~55°C o +150°C
) . Lead Temperature (Soldering, 4 sec. max.)
M&(lém:?mA;]gmer Input Voltage 8.5V Hermetic Package 300°C
Maximum Amplifier Input Voltage Plastic Package 260°C
(Differential) 5V ESD Tolerance 1200V
Current from V, 25 mA (Human body model, 1.5 kQ in series with 100 pF)
Current from Vgge 15 mA
Internal Power Dissipation
Metal Can (Note 2) 800 mwW
Electrical Characteristics  (Note 3) (Note 10)
Parameter Conditions LM723 LM723C Units
Min | Typ |Max [Min |Typ [Max
Line Regulation Viy = 12V to V,y = 15V 0.01| 0.1 0.01| 0.1 % Vour
-55°C < T, < +125°C 0.3 % Vour
0°C < To < +70°C 03 | % Vour
Vin = 12V to V) = 40V 0.02 | 0.2 0.1 | 05 % Vour
Load Regulation IL=1mAtoI_ =50 mA 0.03 | 0.15 0.03 | 0.2 % Vour
-55°C < T, < +125°C 0.6 % Vour
0°C < T, <+70°C 0.6 % Vour
Ripple Rejection f =50 Hz to 10 kHz, Cgree = 0 74 74 dB
f =50 Hz to 10 kHz, Crer = 5 pF 86 86 dB
Average Temperature Coeffic- -55°C < T, < +125°C 0.002 |0.015 %/°C
ient of Output Voltage (Note 8) 0°C < T, < +70°C 0.003 [0.015 %/°C
Short Circuit Current Limit Rsc = 10Q, Vour = 0 65 65 mA
Reference Voltage 6.95| 7.15 | 7.35 (6.80| 7.15 | 7.50 \
Output Noise Voltage BW = 100 Hz to 10 kHz, Cgee = 0 86 86 uvrms
BW = 100 Hz to 10 kHz, Cree = 5 pF 2.5 25 puvrms
Long Term Stability 0.05 0.05 %/1000 hrs
Standby Current Drain I. =0,V =30V 1.7 | 35 1.7 | 40 mA
Input Voltage Range 9.5 40 | 95 40 \
Output Voltage Range 2.0 37 |20 37 \Y,
Input-Output Voltage Differential 3.0 38 | 3.0 38 \%
0;a Molded DIP 105 °‘C/w
05a Cavity DIP 150 ‘CIW
0,4 H10C Board Mount in Still Air 165 165 ‘CIW
03a H10C Board Mount in 400 LF/Min Air Flow 66 66 ‘CIW
05 22 22 °CIW

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is

functional, but do not guarantee specific pel
Note 2: See derating curves for maximum

rformance limits.
power rating above 25°C.

Note 3: Unless otherwise specified, Ta = 25°C, Viy = VF = Ve = 12V, V7 = 0, Vout = 5V, I = 1 mA, Rgc = 0, C1 = 100 pF, Crer = 0 and divider impedance as
seen by error amplifier < 10 kQ connected as shown in Figure 1. Line and load regulation specifications are given for the condition of constant chip temperature. Tem-
perature drifts must be taken into account separately for high dissipation conditions.

Note 4:
Note 5:

Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp.

L1 is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009 in. air gap.

Note 6:
Note 7:
Note 8:

Replace R1/R2 in figures with divider shown in Figure 13.
V* and Ve must be connected to a +3V or greater supply.
For metal can applications where Vz is required, an external 6.2V zener diode should be connected in series with VoyT.
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Maximum Power Ratings

Noise vs Filter Capacitor
(Crekr in Circuit of  Figure 1)
(Bandwidth 100 Hz to 10 kHz)

100

LM723
Power Dissipation vs
Ambient Temperature

LM723C
Power Dissipation vs
Ambient Temperature

1223 o 1000 | |
900 T T
80 500 H10C N w00 H10C
I N 700 N 700
g 60 ‘\\ 2 600 \\\\ 2 600 oIF I\
2 N E 500 N E 500
g 40 N\ < 400 N\ o
2 N AN o 400
300 |T.MAX = 150°C AN 300 |1.MAX = 150°C
20 200 |Rpyy = 165°C/W (H10C 200 Ry = 1659C/W (H10C
- 100 |Rry = 150°C/W (DIP). 100 |Rry = 150°C/W (DIP)
ok o INO_HEAT SINK | o [NO HEAT sink_ |
o oo 10 785725 025 50 75 100 125 150 -55-25 0 25 50 75 100 125 150
Crer (#F) T, AMBIENT TEMPERATURE (°C) o
5500856351 A e e T, AMBIENT TEMPERATUR[ESE)D;)ES_SS
TABLE 1. Resistor Values (k Q) for Standard Output Voltage
Positive Applicable Fixed Output Negative Fixed 5 % Output
Output Figures Output Adjustable Output Applicable Dutput Adjustable
Voltage +5% +10% (Note 6) Voltage Figures +5% +10%
(Note 5) R1 R2 R1 P1 | R2 R1 R2 R1 | P1 R2
+3.0 1,5,6,9, 12 (4) 412 [ 301 | 1.8 | 05| 1.2 +100 7 357 | 102 | 22 | 10 91
+3.6 1,5,6,9, 12 (4) 357 |1365| 15 [ 05|15 +250 7 357 | 255 | 2.2 | 10 | 240
+5.0 1,5,6,9, 12 (4) 215|499 | 0.75 | 0.5 | 2.2 | -6 (Note 7) 3, (10) 357 | 243 | 12|05 | 0.75
+6.0 1,5,6,9, 12 (4) 115 ( 6.04 | 05 | 05 | 27 -9 3,10 348 | 536 | 1.2 | 05| 2.0
+9.0 2,4,(56,9,12) 187 | 715 | 0.75 | 1.0 | 2.7 -12 3,10 357 [ 845 |12 | 05| 33
+12 2,4,(5,6,9, 12) 487 | 715 | 20 | 1.0 | 3.0 -15 3,10 365|115 |12 | 05| 43
+15 2,4,(5,6,9 12) 787 | 715 | 33 | 1.0 | 3.0 -28 3,10 357|243 |12 |05 | 10
+28 2,4,(5,6,9,12) 210|715 | 56 | 1.0 | 2.0 -45 8 357 | 412 | 22 | 10 33
+45 7 357 | 48.7 | 22 10 | 39 -100 8 357 | 976 | 22 | 10 91
+75 7 357 | 787 | 22 | 10 | 68 -250 8 357 | 249 | 2.2 | 10 | 240

TABLE 2. Formulae for Intermediate Output Voltages

Outputs from +2 to +7 volts
(Figures 1, 4, 5, 6, 9, 12

Vour = (v XL)
out = (VREF X 271z

Outputs from +4 to +250 volts
(Figure 7)

VRZEF % R2 — R1

;R3 = R4
R1 )

Vout = (

Current Limiting

VSENSE
Rsc

IumiT =

Outputs from +7 to +37 volts
(Figures 2, 4, 5, 6, 9, 12)

R1 + RZ)

Vour = (VREF X Rz

Outputs from -6 to —250 volts
(Figures 3, 8, 10)

VREF % R1 + R2
2

;R3 = R4
)

Vout = (

Foldback Current Limiting

Vout R3
IKNEE = m

ISHORT CKT = ( Rsc

M)
Rsc R4
VSENSE « R3 + R4

)
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Typical Applications

Vin
Vin L
v
< m
v Vee Vaer 2N3054
< Rsc
L2 J— 3
Lmr23c REGULATED
:: R3 by REGULATED o output
Lm723 AAA <
< e o VW ouTPUT :: Rl
N INV. ®
cs I
< <
SR V- comP c1 R2
NI . 1 500 pF <

DS008563-11

1
]—mu oF

—
=
2
= =
£
HH—AAA
IwWwA—e—
8
I—v

Typical Performance
DS008563-9

Regulated Output Voltage +15V

Note: R3 — % Line Regulation (AV,y = 3V) 1.5 mVv
Load Regulation (Al, = 1A) 15 mV

for minimum temperature drift.

R3 may be eliminated for ;.

minimum component count. FIGURE 4. Positive Voltage Regulator

. (External NPN Pass Transistor)
Typical Performance

Regulated Output Voltage 15V

Line Regulation (AV,y = 3V) 1.5 mVv

Load Regulation (Al, = 50 mA) 4.5 mV

FIGURE 2. Basic High Voltage Regulator
(Vout = 7 to 37 Volts)

\{]
= E:nz v Voo S
Vege Vour 1
[l]
Va T 2
iz O
Sw s p—»
Sx
p—q NI INV.
3 3 L
oz T [T
REGULATED
OuTPUT
DS008563-10
Typical Performance
Regulated Output Voltage -15Vv
Line Regulation (AV y = 3V) 1mv
Load Regulation (Al, = 100 mA) 2mV

FIGURE 3. Negative Voltage Regulator
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54ABT373
Octal Transparent Latch with TRI-STATE @® Outputs

Guaranteed multiple output switching specifications
Output switching specified for both 50 pF and 250 pF
loads

m Guaranteed simultaneous switching, noise level and
dynamic threshold performance

General Description

The 'ABT373 consists of eight latches with TRI-STATE out-
puts for bus organized system applications. The flip-flops ap-
pear transparent to the data when Latch Enable (LE) is
HIGH. When LE is LOW, the data that meets the setup times .
is latched. Data appears on the bus when the Output Enable Guaranteed latchup protection

(OE) is LOW. When OE is HIGH the bus output is in the high High impedance glitch free bus loading during entire
impedance state. power up and power down

® Nondestructive hot insertion capability
Features m Standard Microcircuit Drawing (SMD) 5962-9321801
m TRI-STATE outputs for bus interfacing
m QOutput sink capability of 48 mA, source capability of
24 mA
Ordering Code
Military Package Number Package Description
54ABT373J-QML J20A 20-Lead Ceramic Dual-In-Line
54ABT373W-QML W20A 20-Lead Cerpack
54ABT373E-QML E20A 20-Lead Ceramic Leadless Chip Carrier, Type C
Connection Diagrams
Pin Assignment Pin Assignment
for DIP and Flatpak for LCC
_ / D3 Dy 0 O Dy
OFE —{ 1 20— Ve B@DEGEE
0 =2 19f=0,
Dy —3 18D, Do
o, — 4 17}-o; (219,
o —s 16}~ 0, 35
— L 20l Vee
0, —16 15— 0g M=o,
D, —7 14D
D; —8 13—,
0; —9 12f—o0,
6ND —{ 10 11}=LE DS100206-2
DS100206-1
Pin Names Description
Do-D7 Data Inputs
LE Latch Enable Input
(Active HIGH)
OE Output Enable Input
(Active LOW)
0,-0y TRI-STATE Latch
Outputs

TRI-STATE® is a registered trademark of National Semiconductor Corporation.

SINAINO J1VIS-19.L Yyum yoreT juasedsuel] 100 £/£19V1S
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Functional Description
The "ABT373 contains eight D-type latches with TRI-STATE

Truth Table

X X Inputs Output
output buffers. When the Latch Enable (LE) input is HIGH, p_u utpu
data on the D,, inputs enters the latches. In this condition the LE OE Dn On
latches are transparent, i.e., a latch output will change state H L H H
each time its D input changes. When LE is LOW, the latches H L L L
store the information that was present on the D inputs a
setup time preceding the HIGH-to-LOW transition of LE. The L L X On (no change)
TRI-STATE buffers are controlled by the Output Enable (OE) X H X A
input. When OE is LOW, the buffers are in the bi-state mode. H = HIGH Voltage Level
When OE is HIGH the buffers are in the high impedance L = LOW Voltage Level
mode but this does not interfere with entering new data into X = Immaterial
the latches. Z = High Impedance State
Logic Diagram

Do D, D, D D, D5 Dg Dy
|— D —0D —D —D — D —D —D — D
o o o o o o o 0
G G G G G G G G
O SO B G N A N G A
oF ‘OD - - - | | ] |
0O 0 0, 03 04 05 3 0,

DS100206-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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