


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































12.15 Instruction Set: Alphabetical Order (continued)

RRC
RRC
RRC
RRC
RRC
RRC
RRCA
RRD
RST
RST
RST
RST
RST
RST
RST
RST
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SBC
SCF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

TImMmMoOO®

0

08H
10H
18H
20H
28H
30H
38H

A, (HL)
A, (IX+d)
A, (IY+d)
A A

A, B
A,C
A,D
A E
AH
AL
An
HL, BC
HL, DE
HL, HL
HL, SP

0, (HL)
0, (IX+d)
0, (IY +d)
0,A

0,8

0,C

0,D

0,E

0,H

oL

1, (HL)

1, (IX+d)
1, (Y +d)

)
s
)
’

-
ImMOOwW>»

1,L
2, (HL)

CB 08
CB 09
CBOA
CBOB
CBoC
CBOD
OoF

ED 67
C7

CF

D7

DF

E7

EF

F7

FF

9E

DD 9Ed
FD 9Ed
oF

98

99

9A

9B

9C

9D
DEn
ED 42
ED 52
ED 62
ED72
37
CBC6
DD CBdC6
FD CBdC6
CcBC7
CBCO
CBC1
CBC2
CBC3
CBC4
CBC5
CBCE
DD CBdCE
FD CBdCE
CBCF
CBC8
CBC9
CBCA
CBCB
CBCC
CBCD
CB D6

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

2, (IX+d)
2, (IY+d)
2,A

2,B

2,C

2,D

2,E

2,H

2,L

3, (HL)

3, (IX+d)
3, (IY+d)
3,A

W Wwwww
rImoow

4, (HL)

4, (IX+d)
4, (IY+d)
4,A

4,8

4,C

4,D

4,E

4, H

4L

5, (HL)

5, (IX+d)
5, (IY+d)
5, A

5B

5,C

5,D

5, E

5 H

5,L

6, (HL)

6, (IX+d)
6, (IY+d)
6,A

6,B

6,C

6,D

6,E

6, H

6,L

7, (HL)

7, (IX+d)
7,(IY+d)
7.A

DD CBdD6
FD CBdD6
CBD7

CB DO

CB D1

CB D2
CBD3

CB D4
CBD5
CBDE

DD CBdDE
FD CBdDE
CBDF

CB D8

CB D9
CBDA
CBDB
CBDC
CBDD
CBES6

DD CBdE6
FD CBdE®6
CBE7
CBEO
CBE1
CBE2
CBE3
CBE4
CBES5
CBEE

DD CBdEE
FD CBdEE
CBEF
CBES8
CBE9
CBEA
CBEB
CBEC
CBED
CBF6

DD CBdF6
FD CBdF6
CBF7
CBFO
CBF1
CBF2
CBF3
CBF4
CBF5
CBFE

DD CBdFE
FD CBdFE
CBFF

(nn)=Address of memory location

nn=Data (16 bit)
n=Data (8 bit)

d=displacement
d2=d-2
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NSC800

12.15 Instruction Set: Alphabetical Order (continued)

SET 7,B CBF8 SRL A CB3F
SET 7,C CBF9 SRL B CB 38
SET 7,D CBFA SRL o] CB 39
SET 7,E CBFB SRL D CB3A
SET 7,H CBFC SRL E CB3B
SET 7,L CBFD SRL H CB3C
SLA (HL) CB 26 SRL L CB3D
SLA (IX+d) DD CBd26 SuB (HL) 96
SLA (IY+d) FD CBd26 SuB (IX+d) DD 96d
SLA A CB 27 SuB (Y +d) FD 96d
SLA B CB 20 SuB A 97
SLA (o} CB 21 SuUB B 90
SLA D CB 22 SuB (] 91
SLA E CB 23 SuB D 92
SLA H CB24 suB E 93
SLA L CB 25 SuB H 94
SRA (HL) CB 2E SuB L 95
SRA (IX+d) DD CBd2E SuB n Dén
SRA (Y +d) FD CBd2E XOR (HL) AE
SRA A CB2F XOR (IX+d) DD AEd
SRA B CB 28 XOR (Y +d) FD AEd
SRA C CB29 XOR A AF
SRA D CB2A XOR B A8
SRA E CB 2B XOR C A9
SRA H CB2C XOR D AA
SRA L CB 2D XOR E AB
SRL (HL) CB3E XOR H AC
SRL (IX+d) DD CBd3E XOR L AD
SRL (1Y +d) FD CBd3E XOR n EEn
12.16 Instruction Set: Numerical Order
Op Code Mnemonic Op Code Mnemonic Op Code Mnemonic
00 NOP 15 DECD 2Ann LD HL,(nn)
01nn LD BC,nn 16n LDD,n 2B DECHL
02 LD (BC),A 17 RLA 2C INCL
03 INC BC 18d2 JRd2 2D DECL
04 INCB 19 ADD HL,DE 2En LDL,n
05 DECB 1A LD A,(DE) 2F CPL
06n LD B,n 1B DEC DE 30d2 JRNC,d2
07 RLCA 1C INCE 31nn LD SP,nn
08 EX AF,A'F iD DECE 32nn LD (nn),A
09 ADD HL,BC 1En LDE,n 33 INC SP
0A LD A,(BC) 1F RRA 34 ING (HL)
0B DEC BC 20d2 JRNZ,d2 35 DEC (HL)
oC INCC 21nn LD HL,nn 36n LD (HL),n
oD DECC 22nn LD (nn),HL 37 SCF
OEn LDC,n 23 INC HL 38 JR C,d2
OF RRCA 24 INCH 39 ADD HL,SP
10d2 DJNZ d2 25 DECH 3Ann LD A,(nn)
11nn LD DE,nn 26n LDH,n 3B DEC SP
12 LD (DE),A 27 DAA 3C INC A
13 INC DE 28d2 JR Z,d2 3D DECA
14 INCD 29 ADD HL,HL 3En LDAn

(nn)=Address of memory location

nn=Data (16 bit)
n=Data (8 bit)

d=displacement
d2=d-2
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12.16 Instruction Set: Numerical Order (continued)

Op Code Mnemonic
3F CCF
40 LDB,B
41 LDB,C
42 LDB,D
43 LDB,E
44 LDB,H
45 LDB,L
46 LD B,(HL)
47 LDB,A
48 LDC,B
49 LDC,C
4A LDC,D
4B LDC,E
4C LDCH
4D LDCL
4E LD G,(HL)
4F LDCA
50 LDD,B
51 LDD,C
52 LDD,D
53 LDD,E
54 LDD,H
55 LDD,L
56 LD D,(HL)
57 LDD,A
58 LDE,B
59 LDE,C
5A LDE,D
5B LDEE
5C LDEH
5D LDEL
5E LD E,(HL)
5F LDEA
60 LDH,B
61 LDH,C
62 LDH,D
63 LDH,E
64 LDHH
65 LDH,L
66 LD H,(HL)
67 LDH,A
68 LDL,B
69 LDL,C
6A LDL,D
6B LDLE
6C LDLH
6D LDLL
6E LD L,(HL)
6F LDLA
70 LD (HL),B
7 LD (HL),C
72 LD (HL),D
73 LD (HL),E

(nn)=Address of memory location

nn=Data (16 bit)

n=Data (8-bit)

Op Code Mnemonic Op Code Mnemonic
74 LD (HL),H A9 XORC
75 LD (HL),L AA XORD
76 HALT AB XORE
77 LD (HL),A AC XOR H
78 LDAB AD XOR L
79 LDAC AE XOR (HL)
7A LDAD AF XOR A
7B LDA,E BO ORB

7C LDAH B1 ORC

7D LDAL B2 ORD

7E LD A,(HL) B3 ORE

7F LDAA B4 ORH

80 ADDAB B5 ORL

81 ADDA,C B6 OR (HL)
82 ADDAD B7 ORA

83 ADD AE B8 CPB

84 ADD AH B9 CPC

85 ADDA,L BA CPD

86 ADD A,(HL) BB CPE

87 ADDAA BC CPH

88 ADCA,B BD CPL

89 ADCAC BE CP (HL)
8A ADCAD BF CPA

8B ADCAE Cco RET NZ
8C ADCAH C1 POP BC
8D ADCA,L C2nn JPNZ,nn
8E ADC A,(HL) C3nn JPnn

8F ADC AA C4nn CALL NZ,nn
90 SuBB C5 PUSH BC
91 SuBC Cén ADDAn
92 SuBD Cc7 RSTO
93 SUBE c8 RET Z
94 SUBH C9 RET

95 SuBL CAnn JPZ,nn
96 SUB (HL) GBoo RLCB
97 SUB A CBO1 RLCC
98 SBCAB CB02 RLCD
99 SBCA,C CBO03 RLCE
9A SBCAD CBo4 RLCH
9B SBCAE CB05 RLCL
9C SBCAH CB06 RLC (HL)
9D SBCA,L CBo7 RLCA
9E SBC A,(HL) CB08 RRCB
9oF SBCAA CBo09 RRCC
A0 ANDB CBOA RRCD
A1l ANDC CBOB RRCE
A2 ANDD CBoC RRCH
A3 ANDE CBOD RRCL
Ad ANDH CBOE RRC (HL)
A5 AND L CBOF RRCA
A8 AND (HL) CB10 RLB

A7 AND A CB11 RLC

A8 XOR B CB12 RLD

d=displacement
d2=d-2

9-67

008OSN




NSC800

12.16 Instruction Set: Numerical Order (continued)

Op Code Mnemonic Op Code Mnemonic Op Code Mnemonic
CB13 RLE CB4F BIT1,A CB83 RESO,E
CB14 RLH CB50 BIT2,B CB84 RES O,H
CB15 RLL CB51 BIT2,C CB85 RESO,L
CB16 RL (HL) CB52 BIT2,D CB86 RES 0,(HL)
CB17 RLA CB53 BIT 2,E CcB87 RESO0,A
CB18 RR B CB54 BIT2,H CB88 RES1,B
CB19 RRC CB55 BIT2,L CB89 RES1,C
CB1A RRD CB56 BIT 2,(HL) CB8A RES1,D
CB1B RRE CB57 BIT2,A CB8B RES 1,E
CB1C RRH CB58 BIT3,B CB8C RES 1,H
CB1D RRL CB59 BIT 3,C CB8D RES1,L
CB1E RR (HL) CB5A BIT3,D CB8E RES 1,(HL)
CB1F RRA CB5B BIT 3,E CB8F RES 1,A
CB20 SLAB CB5C BIT3H CB90 RES2,B
CB21 SLAC CB5D BIT 3,L CB91 RES 2,C
CB22 SLAD CB5E BIT 3,(HL) CB92 RES 2,D
CB23 SLAE CBSF BIT 3,A CB93 RES 2,E
CB24 SLAH CB60 BIT 4,B CB94 RES 2,H
CB25 SLAL CB61 BIT 4,C CB95 RES2,L
CB26 SLA (HL) CB62 BIT 4D CB96 RES 2,(HL)
CcB27 SLAA CB63 BIT 4,E CB97 RES 2,A
CB28 SRA B CB64 BIT 4,H CB98 RES 3,B
CB29 SRAC CB65 BIT 4,L CB99 RES 3,C
CB2A SRAD CB66 BIT 4,(HL) CB9A RES3,D
CB2B SRAE CB67 BIT 4,A CB9B RES 3,E
CB2C SRAH CB68 BIT 5,B CB9C RES 3,H
CB2D SRAL CB69 BIT 5,C CB9D RES3,L
CB2E SRA (HL) CB6A BIT 5D CB9E RES 3,(HL)
CB2F SRAA CB6B BIT 5,E CB9F RES 3,A
CB38 SRLB CB6C BIT 5H CBAO RES 4,B
CB39 SRLC CB6D BIT5,L CBA1 RES 4,C
CB3A SRLD CB6E BIT 5,(HL) CBA2 RES 4,D
CB3B SRLE CB6F BIT5,A CBA3 RES 4,E
CB3C SRLH CB70 BIT 6,B CBA4 RES 4,H
CB3D SRLL CB71 BIT6,C CBA5 RES4,L
CB3E SRL (HL) CB72 BIT 6,D CBA6 RES 4,(HL)
CB3F SRLA CB73 BIT6,E CBA7 RES 4,A
CB40 BIT0,B CB74 BIT 6,H CBA8 RES 5,B
CB41 BITO,C CB75 BIT6,L CBA9 RES 5,C
CB42 BITO,D CB76 BIT 6,(HL) CBAA RES 5,D
CB43 BITO,E CB77 BIT6,A CBAB RES5,E
CB44 BITO,H CB78 BIT7,B CBAC RES 5,H
CB45 BITO,L CB79 BIT7,C CBAD RES5,L
CB46 BIT 0,(HL) CB7A BIT7,D CBAE RES 5,(HL)
CB47 BIT0,A CB7B BIT7,E CBAF RES 5,A
CB48 BIT1,B CB7C BIT7,H CBBO RES 6,B
CB49 BIT1,C CB7D BIT7,L CBB1 RES 6,C
CB4A BIT1,D CB7E BIT 7,(HL) CBB2 RES 6,D
CB4B BIT1,E CB7F BIT7,A CBB3 RES 6,E
CB4C BIT 1,H CB80 RES 0,B CBB4 RES 6,H
CB4D BIT1,L CB81 RES0,C CBB5 RES 6,L
CB4E BIT 1,(HL) CcB82 RES 0,D CBB6 RES 6,(HL)

(nn)=Address of memory location d=displacement

nn=Data (16 bit) d2=d-2

n=Data (8-bit)
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12.16 Instruction Set: Numerical Order (continued)

Op Code Mnemonic Op Code Mnemonic
CBB7 RES6,A CBEC SET5,H
CBBs8 RES 7,B CBED SET5,L
CBB9 RES7,C CBEE SET 5,(HL)
CBBA RES 7,D CBEF SET5,A
CBBB RES7,E CBFO SET 6,B
CBBC RES 7,H CBF1 SET86,C
CBBD RES7,.L CBF2 SET6,D
CBBE RES 7,(HL) CBF3 SET6,E
CBBF RES7,A CBF4 SET6,H
CBCO SET0,B CBF5 SET6,L
CBC1 SETO0,C CBF6 SET 6,(HL)
CBC2 SETO,D CBF7 SET6,A
CBC3 SETO,E CBF8 SET7,B
CBC4 SET O,H CBF9 SET7,C
CBC5 SETO,L CBFA SET7,D
CBC6 SET 0,(HL) CBFB SET7,E
CBC7 SETO0,A CBFC SET7,H
CBCs8 SET1,B CBFD SET7,L
CBC9 SET1,C CBFE SET 7,(HL)
CBCA SET1,D CBFF SET7,A
CBCB SET1,E CCnn CALLZ,nn
CBCC SET 1,H CDnn CALL nn
CBCD SET1,L CEn ADC A,n
CBCE SET 1,(HL) CF RST 8
CBCF SET1,A Do RET NC
CBDO SET 2,B D1 POP DE
CBD1 SET2,C D2nn JP NC,nn
CBD2 SET 2,D D3n OuUT (n),A
CBD3 SET2,E D4nn CALL NC,nn
CBD4 SET 2,H D5 PUSH DE
CBD5 SET2,L Dén SUBn
CBD6 SET 2,(HL) D7 RST 10H
CBD7 SET2,A D8 RETC
CBD8 SET 3,B D9 EXX
CBD9 SET 3,C DAnn JP,C,nn
CBDA SET3,D DBn INA(n)
CBDB SET3,E DCnn CALLC,nn
CBDC SET 3,H DD09 ADD IX,BC
CBDD SET3,L DD19 ADD IX,DE
CBDE SET 3,(HL) DD21nn LD IX,nn
CBDF SET3,A DD22 LD (nn),IX
CBEO SET 4,B DD23 INC IX
CBE1 SET 4,C DD29 ADD IX,IX
CBE2 SET 4,D DD2Ann LD IX,(nn)
CBE3 SET 4,E DD2B DECIX
CBE4 SET 4,H DD34d INC (IX+d)
CBE5 SET4,L DD35d DEC (IX+d)
CBE6 SET 4,(HL) DD36dn LD (IX+d),n
CBE7 SET4,A DD39 ADD IX,SP
CBE8 SET5,B DD46d LD B,(IX+d)
CBE9 SET5,C DD4Ed LD C,(IX+d)
CBEA SET5,D DD56d LD D,(IX+d)
CBEB SET5,E DD5Ed LD E,(IX+d)

(nn)=Address of memory location  d=displacement

nn=Data (16 bit) d2=d-2

n=Data (8-bit)

Op Code  Mnemonic
DDe66d LD H,(IX+d)
DD6Ed LD L,(IX+d)
DD70d LD (IX+d),B
DD71d LD (IX+d),C
DD72d LD (IX+d),D
DD73d LD (IX+d),E
DD74d LD (IX+d),H
DD75d LD (IX+d),L
DD77d LD (IX+d),A
DD7Ed LD A,(IX+d)
DD8éd ADD A,(IX+d)
DD8Ed ADC A,(IX+d)
DD96d SUB (IX+d)
DD9Ed SBC A,(IX+d)
DDA6d AND (IX+d)
DDAEd XOR (IX+d)
DDBéd OR (IX+d)
DDBEd CP (IX+d)
DDCBd06  RLC (IX+d)
DDCBdOE  RRC (IX+d)
DDCBd16  RL(IX+d)
DDCBd1E  RR (IX+d)
DDCBd26  SLA (IX+d)
DDCBd2E  SRA (IX+d)
DDCBd3E  SRL (IX+d)
DDCBd46  BIT 0,(IX+d)
DDCBd4E  BIT 1,(IX+d)
DDCBd56  BIT 2,(IX+d)
DDCBdSE  BIT 3,(IX+d)
DDCBd66  BIT 4,(IX+d)
DDCBd6BE  BIT 5,(IX+d)
DDCBd76  BIT 6,(IX+d)
DDCBd7E  BIT 7,(IX+d)
DDCBd86  RES0,(IX+d)
DDCBd8E  RES 1,(IX+d)
DDCBd96  RES 2,(IX+d)
DDCBd9E  RES 3,(IX+d)
DDCBdA6  RES 4,(IX+d)
DDCBJAE RES 5,(IX+d)
DDCBdB6  RES 6,(IX+d)
DDCBABE RES 7,(IX+d)
DDCBdC6  SET 0,(IX+d)
DDCBdCE  SET 1,(IX+d)
DDCBdD6  SET 2,(IX+d)
DDCBADE  SET 3,(IX+d)
DDCBdE6  SET 4,(IX+d)
DDCBdEE  SET 5,(IX+d)
DDCBdF6  SET 6,(IX+d)
DDCBAFE  SET 7,(IX+d)
DDE1 POP IX

DDE3 EX (SP),IX
DDE5 PUSH IX
DDE9 JP (IX)
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NSC800

12.16 Instruction Set: Numerical Order continued)

Op Code Mnemonic Op Code  Mnemonic Op Code Mnemonic
DDF9 LD SP,IX ED7Bnn LD SP,(nn) FD73d LD (IY +d),E
DEn SCBAn EDAO LDI FD74d LD (IY +d),H
DF RST 18H EDA1 CPI FD75d LD (IY +d),L
EO RET PO EDA2 INI FD77d LD (IY +d),A
E1 POP HL EDA3 OUTI FD7Ed LD A,(Y +d)
E2nn JP PO,nn EDA8 LDD FD86d ADD A,(IY +d)
E3 EX (SP),HL EDA9 CPD FD8Ed ADC A,(IY +d)
E4nn CALL PO,nn EDAA IND FD96d SUB (IY +d)
E5 PUSH HL EDAB ouTD FD9Ed SBCA(IY+d)
E6n AND n EDBO LDIR FDAGd AND (IY +-d)
E7 RST 20H EDB1 CPIR FDAEd XOR (IY +d)
E8 RET PE EDB2 INIR FDB6d OR (IY +d)
E9 JP (HL) EDB3 OTIR FDBEd CP (IY+d)
EAnn JP PE,nn EDB8 LDDR FDE1 POP IY
EB EX DE,HL EDB9 CPDR FDE3 EX (SP), IY
ECnn CALL PE,nn EDBA INDR FDE5 PUSH IY
ED40 IN B,(C) EDBB OTDR FDE9 JP (1Y)
ED41 OUT (C),B EEn XORn FDF9 LD SP,IY
ED42 SBC HL,BC EF RST 28H FDCBd06  RLC (IY+d)
ED43nn LD (nn),BC FO RET P FDCBdOE RRC (Y +d)
ED44 NEG F1 POP AF FDCBd16 RL(lY+d)
ED45 RETN F2nn JP P,nn FDCBd1E RR (IY+d)
ED46 IMO F3 DI FDCBd26  SLA(IY+d)
ED47 LD LA F4nn CALLP,nn FDCBd2E SRA(lY+d)
ED48 IN C,(C) F5 PUSH AF FDCBd3E  SRL(IY+d)
ED49 OUT (C),C Fén ORnN FDCBd46  BIT 0,(lY +d)
ED4A ADC HL,BC F7 RST 30H FDCBd4E  BIT 1,(IY +d)
ED4Bnn LD BC,(nn) F8 RETM FDCBd56  BIT 2,(IY +d)
ED4D RETI F9 LD SP,HL FDCBA5E  BIT 3,(IY+d)
ED50 IN D,(C) FARnn JP M,nn FDCBd66  BIT 4,(IY +d)
ED51 OUT (C),D FB El FDCBd6E  BIT 5,(1Y +d)
ED52 SBC HL,DE FCnn CALL M,nn FDCBd76  BIT 6,(1Y +d)
ED53nn LD (nn),DE FDO09 ADD 1Y,BC FDCBd7E  BIT 7,(IY +d)
ED56 IM1 FD19 ADD IY,DE FDCBd86 RES0,(IY +d)
ED57 LD A, FD21nn LD IY,nn FDCBdBE RES1,(IY+d)
ED58 INE,(C) FD22nn LD (nn),lY FDCBd96 RES 2,(IY+d)
ED59 OUT (C), E FD23 INCIY FDCBd9E  RES 3,(IY +d)
ED5A ADC HL,DE FD29 ADD IY,IY FDCBdA6 RES4,(lY+d)
ED5Bnn LD DE,(nn) FD2Ann LD IY,(nn) FDCBJAE RESS5,(lY +d)
EDSE M2 FD2B DECIY FDCBdB6 RES6,(IY+d)
ED60 IN H,(C) FD34d INC (IY +d) FDCBABE RES7,(Y+d)
ED61 OUT (C),H FD35d DEC (IY +d) FDCBdC6 SET 0,(IY +d)
ED62 SBC HL,HL FD36dn LD (IY+d),n FDCBACE SET 1,(IY+d)
ED67 RRD FD39 ADDIY,SP FDCBdD6  SET 2,(IY +d)
ED68 IN L,(C) FD46d LD B,(IY +d) FDCBADE  SET 3,(IY+d)
ED69 OUT (C),L FD4Ed LD C,(IY +d) FDCBAE6  SET 4,(IY+d)
EDGA ADC HL,HL FD56d LD D,(IY+d) FDCBJEE SET5,(IY+d)
ED6F RLD FD5Ed LD E,(IY +d) FDCBdF6  SET 6,(lY+d)
ED72 SBC HL,SP FD66d LD H,(IY +d) FDCBAFE SET7,(IY+d)
ED73nn LD (nn),SP FD6Ed LD L,(IY +d) FEn CPn
ED78 IN A,(C) FD70d LD (IY+d),B FF RST 38H
ED79 OUT (C),A FD71d LD (IY+d),C
ED7A ADC HL,SP FD72d LD (IY+d),D

(nn)=Address of memory location d=displacement

nn=Data (16 bit) d2=d-2

n=Data (8-bit)
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13.0 Data Acquisition System

A natural application for the NSC800 is one that requires
remote operation. Since power consumption is low if the
system consists of only CMOS components, the entire
package can conceivably operate from only a battery power
source. In the application described herein, the only source
of power will be from a battery pack composed of a stacked
array of NiCad batteries (see Figure 20).

The application is that of a remote data acquisition system.
Extensive use is made of some of the other LS| CMOS com-
ponents manufactured by National: notably the ADC0816
and MM58167. The ADC0816 is a 16-channel analog-to-
digital converter which operates from a 5V source. The
MM58167 is a microprocessor-compatible real-time clock
(RTC). The schematic for this system is shown in Figure 20.
All the necessary features of the system are contained in six
integrated circuits: NSC800, NSC810A, NSC831, HN6136P,
ADCO0816, and MM58167. Some other small scale integra-
tion CMOS components are used for normal interface re-
quirements. To reduce component count, linear selection
techniques are used to generate chip selects for the
NSC810A and NSC831. Included also is a current loop com-
munication link to enable the remote system to transfer data
collected to a host system.

In order to keep component count low and maximize effec-
tiveness, many of the features of the NSC800 family have
been utilized. The RAM section of the NSC810A is used as
a data buffer to store intermediate measurements and as
scratch pad memory for calculations. Both timers contained
in the NSCB810A are used to produce the clocks required by
the A/D converter and the RTC. The Power-Save feature of
the NSC800 makes it possible to reduce system power con-
sumption when it is not necessary to collect any data. One
of the analog input channels of the A/D is connected to the
battery pack to enable the CPU to monitor its own voltage
supply and notify the host that a battery change is needed.

In operation, the NSC800 makes readings on various input
conditions through the ADC0816. The type of devices con-
nected to the A/D input depends on the nature of the re-
mote environment. For example, the duties of the remote
system might be to monitor temperature variations in a large
building. In this case, the analog inputs would be connected
to temperature transducers. If the system is situated in a
process control environment, it might be monitoring fluid
flow, temperatures, fluid levels, etc. In either case, operation
would be necessary even if a power failure occurred, thus

the need for battery operation or at least battery backup. At
some fixed times or at some particular time durations, the
system takes readings by selecting one of the analog input
channels, commands the A/D to perform a conversion,
reads the data, and then formats it for transmission; or, the
system checks the readings against set points and trans-
mits a warning if the set points are exceeded. With the addi-
tion of the RTC, the host need not command the remote
system to take these readings each time it is necessary.
The NSCB800 could simply set up the RTC to interrupt it at a
previously defined time and when the interrupt occurs, make
the readings. The resultant values could be stored in the
NSC810A for later correlation. In the example of tempera-
ture monitoring in a building, it might be desired to know the
high and low temperatures for a 12-hour period. After com-
piling the information, the system could dump the data to
the host over the communications link. Note from the sche-
matic that the current for the communication link is supplied
by the host to remove the constant current drain from the
battery supply.

The required clocks for the two peripheral devices are gen-
erated by the two timers in the NSC810A. Through the use
of various divisors, the master clock generated by the
NSCB800 is divided down to produce the clocks. Four exam-
ples are shown in the table following Figure 20.

All the crystal frequencies are standard frequencies. The
various divisors listed are selected to produce, from the
master clock frequency of the NSC800, an exact 32,768 Hz
clock for the MM58167 and a clock within the operating
range of the A/D converter.

The MM58167 is a programmable real-time clock that is
microprocessor compatible. Its data format is BCD. It allows
the system to program its interrupt register to produce an
interrupt output either on a time of day match (which in-
cludes the day of the week, the date and month) and/or
every month, week, day, hour, minute, second, or tenth of a
second. With this capability added to the system, precise
time of day measurements are possible without having the
CPU do timekeeping. The interrupt output can be connect-
ed, through the use of one port bit of the NSC810A, to put
the CPU in the power-save mode and reenable it at a preset
time. The interrupt output is also connected to one of the
hardware restart inputs (RSTB) to enable time duration
measurements. This power-down mode of operation would
not be possible if the NSC800 had the duties of timekeep-
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13.0 Data Acquisition System (continued)

ing. When in the power-save mode, the system power re-
quirements are decreased by about 50%, thus extending
battery life.

Communication with the peripheral devices (MM58167 and
ADCO0816) is accomplished through the I/0 ports of the
NSC810A and NSC831. The peripheral devices are not con-
nected to the bus of the NSC800 as they are not directly
compatible with a multiplexed bus structure. Therefore, ad-
ditional components would be required to place them on the
microprocessor bus. Writing data into the MM58167 is per-
formed by first putting the desired data on Port A, followed
by selecting the address of the internal register and applying
the chip select through the use of Port B. A bit set and clear
operation is performed to emulate a pulse on the bit of Port
B connected to the WR input of the MM58167. For a read
operation, the same sequence of operations is performed
except that Port A is set for the input mode of operation and
the RD line is pulsed. Similar techniques are used to read
converted data from the A/D converter. When a conversion
is desired, the CPU selects a channel and commands the
ADCO0816 to start a conversion. When the conversion is
complete, the converter will produce an End-of-Conversion

signal which is connected to the RSTA interrupt input of the
NSC800.

When operating, the system shown consumes about 125
mw. When in the power-save mode, power consumption is
decreased to about 70 mw. If, as is likely, the system is in
the power-save mode most of the time, battery life can be
quite long depending on the amp-hour rating of the batteries
incorporated into the system. For example, if the battery
pack is rated at 5 amp-hours, the system should be able to
operate for about 400-500 hours before a battery charge or
change is required.

As shown in the schematic (refer to Figure 20), analog input
INO is connected to the battery source. In this way, the CPU
can monitor its own power source and notify the host that it
needs a battery replacement or charge. Since the battery
source shown is a stacked array of 7 NiCads producing
8.4V, the converter input is connected in the middle so that
it can take a reading on two or three of the cells. Since
NiCad batteries have a relatively constant voitage output
until very nearly discharged, the CPU can sense that the
“knee” of the discharge curve has been reached and notify
the host.

Typical Timer Output Frequencies

Crystal Frequency CPU Clock Output Timer 0 Output Timer 1 Output
2.097152 MHz 1.048576 MHz 262.144 kHz 32.768 kHz
divisor = 4 divisor = 8
3.276800 MHz 1.638400 MHz 327.680 kHz 32.768 kHz
divisor = 5 divisor = 10
4.194304 MHz 2.097152 MHz 262.144 kHz 32.768 kHz
divisor = 8 divisor = 8
4.915200 MHz 2.457600 MHz 491.520 kHz 32.768 kHz
divisor = 5 divisor = 15
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14.0 NSC800M/883B MIL-STD-833
Class C Screening

National Semiconductor offers the NSG800D and NSC800E
with full class B screening per MIL-STD-883 for Military/
Aerospace programs requiring high reliability. In addition,
this screening is available for all of the key NSC800 periph-
eral devices.

Electrical testing is performed in accordance with
RESTS800X, which tests or guarantees all of the electrical
performance characteristics of the NSC800 data sheet. A
copy of the current revision of RETS800X is available upon
request.

100% Screening Flow

Test MIL-STD-883 Method/Condition Requirement
Internal Visual 2010B 100%
Stabilization Bake 1008 C 24 Hrs. @ +150°C 100%
Temperature Cycling 1010 C 10 Cycles —65°C/+150°C 100%
Constant Acceleration 2001 E 30,000 G’s, Y1 Axis 100%
Fine Leak 1014 AorB 100%
Gross Leak 1014C 100%
Burn-In 1015 160 Hrs. @ +125°C (using 100%
burn-in circuits shown below)
Final Electrical + 25°C DC per RETS800X . 100%
PDA 10% Max
+125°C AC and DC per RETS800X 100%
—55°C AC and DC per RETS800X 100%
+25°C AC per RETS800X 100%
QA Acceptance 5005 Sample Per
Quality Conformance Method 5005
External Visual 2009 100%

15.0 Burn-In Circuits
5240HR
NSC800D/883B (Dual-In-Line)

p—0 5.5V

1.5 kHz
O ore 2)

100 kHz
ore2) ]

TL/C/5171-32

Top View

5241HR
NSCB800E/883B (Leadless Chip Carrier)

55V

1.5 kHz
O Note 2)

10
1

NC
NomatZ 44-PIN LEADLESS
100 khz | 51, 13 PACKAGE

(NOTE 2) [ W

15/ LI

17 23

18] 19]20] 2122} 23|24 ] 25] 26|27 | 28

NC

TL/C/5171-33

All resistors 2.7 k) unless marked otherwise.

Note 1: All resistors are 14W + 5% unless otherwise specified.

Note 2: All clocks OV to 3V, 50% duty cycle, in phase with < 1 us rise and fall time.
Note 3: Device to be cooled down under power after burn-in.




16.0 Ordering Information

008JSN

NSC800 X )F X X
I IA+ = A+ Reliability Screening
/883 =MIL-STD-883 Screening (Note 1)

I = Industrial Temperature (— 40°C to + 85°C)

M = Military Temperature (- 55°C to + 125°C)
No Designation = Commercial Temperature (0°C to 70°C)

—1=1MHz Clock Output
—4 =4 MHz Clock Output
- 3=2.5 MHz Clock Output

D=_Ceramic Package

N=Plastic Package

E = Ceramic Leadless Chip Carrier (LCC)
V=Plastic Leaded Chip Carrier (PCC)

TL/C/5171-35
Note 1: Do not specify a temperature option; all parts are screened to military temperature.

17.0 Reliability Information
Gate Count 2750
Transistor Count 11,000
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NSC810A

National
Semiconductor

NSC810A RAM-I/O-Timer

General Description

The NSC810A, the luxury model of our NSC800™ peripher-
al line, sports triple ported 1/0, dual 16-bit timers and a
1024-bit static storage area. The three ports can be com-
bined for a total of 22 general purpose I/0 lines. In addition,
port A has several strobed mode operations. Note the sin-
gle instruction 1/0 bit operations for quick and efficient data
handling from the ports. The timers feature 6 modes of op-
eration and prescalers for those complicated timing tasks.
The NSC810A comes in two models: the Dual-In-Line (DIP)
and the surface mount chip carrier (LCC). It also comes in
three exciting temperature ranges (Commercial, Industrial,
and Military) and two reliability flows (extended burn-in and
military class B in accordance with Method 5004 of MIL-
STD-883). This is brought to you through the microCMOS
silicon gate technology of National Semiconductor.

Features

m Three programmable I/O ports

m Dual 16-bit programmable counter/timers

W 2.4V-6.0V power supply

| Very low power consumption

m Fully static operation

m Single-instruction 1/0 bit operations

m Timer operation—DC to 5 MHz

m Bus compatible with NSC800T™ family

m Speed: compatible with NSC800
NSC810A-4 — NSC800-4 @ 4.0 MHz
NSC810A-3 — NSC800 @ 2.5 MHz
NSC810A-1 — NSC800-1 @ 1.0 MHz

NSC810A Connection Diagram

t My

|

TLK XOUT XN Vg GND ®) Ve GND ®)
—] g g PORT A
= TR ADO-7 ‘ 4’ ADO-7 Huns
——b| B5TR, B, T JU L
] NMi (8
A3 H"g}:
4] INTA CE NSC810A 8
R RAM
s o —™ ""Gg" TiouT 25y,
NSC800 WA >
<+ 51 (CPU) W TIN m-’
_— ALE ALE Tehees, e
10/M »1i0T/M PC2 §BITs
~——b{ BRET T8 —>
— RESET OUT e | RESET . LR
e L INTR r."ﬂ;
—>{Fs TOOUT et TIMERO
Vcc-m——o FESETTN —p TIMERD
e L Tom out

TL/C/5517-1
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NSC810A

1.0 Absolute Maximum Ratings
(Note 1)

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

Storage Temperature Range —65°C to +150°C
Voltage at Any Pin with Respect

to Ground —0.3Vto Vgg + 0.3V
Vee v
Power Dissipation 1w
Lead Temperature (Soldering, 10 seconds) 300°C

2.0 Operating Conditions
Vee = 5V £ 10%
NSC810A-1 — 0°C to +70°C
—40°C to +85°C
NSC810A-3 — 0°C to +70°C
—40°C to +85°C
—55°C to +125°C
NSC810A-4 — 0°C to +70°C
—40°C to +85°C
—55°C to +125°C

3.0 DC Electrical Characteristics voc=5v £10%, GND=0V, unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units
ViH Logical 1 Input Voltage 0.8 Ve Vee Vv
ViL Logical O Input Voltage 0 0.2Vge \"
VoH Logical 1 Output Voltage | Ioqy = —1.0mA 24 \
lour = —10pA Voc—0.5 \"
VoL Logical 0 Output Voltage | lo. = 2 mA 0 0.4 \
lour = 10 pA 0 0.1 \
IiL Input Leakage Current 0 < V)N < Voo ~10.0 10.0 nA
loL Output Leakage Current | 0 < V|y < Voo —10.0 10.0 pA
lcc Active Supply Current lout = 0, Timer = Mode 1, TOIN = T1IN = 2.5 Mhz, 8 10 mA
twey = 750 ns, T = 25°C
la Quiescent Current No Input Switchin_g, Ta = _£5°C, o 10 100 pA
RESET = 0,10/M = 1,RD = 1,WR = 1,ALE =1,
VIN = Vce, tin = O Hz, toyr = 0
Cin Input Capacitance 7 pF
Cout Output Capacitance 10 pF
Voo Power Supply Voltage (Note 2) 24 5 6 Vv
Vprv Data Retention Voltage 1.8 \

Note 1: Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. Continuous operation at these limits is not
intended; operation should be limited to those conditions specified under DC Electrical Characteristics.

Note 2: Operation at lower power supply voltages will reduce the maximum operating speed. Operation at voltages other than 5V +10% is guaranteed by design,

not tested.

Icc vs Speed

10

T
MAXIMUM

icc—SUPPLY CURRENT (mA)
@

S
/

0
4500

0 1

3000

1500
twey (ns)
2 3 4

1000 750

NSCB00 CLOCK SPEED* (MHz)

TL/C/5517-2

*When NSC810A is used with NSC800
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4.0 AC Electrical Characteristics vc=5v +10%, GND=0V

VO0I8ISN

Symbol Parameter Conditions | NSC810A-1 | NSC810A-3 | NSC810-4 | ;¢
Min Max Min | Max | Min | Max
tacc Access Time from ALE CL = 150 pF 1000 400 300 ns
tAH ADO-7, CE, IOT/M Hold Time 100 60 30 ns
tALE ALE Strobe Width (High) 200 125 100 ns
tarw ALE to RD or WR Strobe 150 120 75 ns
tas ADO-7, CE, |OT/M Set-Up Time 100 45 25 ns
tDH Data Hold Time 150 90 40 ns
tpo Port Data Output Valid 350 310 300 ns
tbs Data Set-Up Time 100 80 50 ns
tpE Peripheral Bus Enable 320 200 200 ns
tpH Peripheral Data Hold Time 150 125 100 ns
tps Peripheral Data Set-Up Time 100 75 50 ns
tpz Peripheral Bus Disable (TRI-STATE®) 150 150 150 ns
tpe RD to BF Invalid 300 300 300 ns
tRD Read Strobe Width 400 320 185 ns
tRDD - Data Bus Disable 0 100 0 100 0 75 ns
tRi RD to INTR Output 320 320 300 ns
tRwA RD or WR to Next ALE 125 100 75 ns
tsg STB to BF Valid 300 300 300 ns
tsH Peripheral Data Hold with Respect to STB 150 125 100 ns
ts STB to INTR Output 300 300 300 ns
tss Peripheral Data Set-Up with Respect to STB 100 75 50 ns
tsw STB Width 400 320 220 ns
tws WR to BF Output 340 340 300 ns
twi WR to INTR Output 320 320 300 ns
twR WR Strobe Width 400 320 220 ns
twey Width of Machine Cycle 3000 1200 750 ns

Note: Test conditions: twcy = 3000 ns for NSC810A-1, 1200 ns for NSC810A-3, 750 ns for NSC810A-4

5.0 Timer AC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Units
Fc Clock Frequency DC 25 MHz
Fcp Clock Frequency Prescale Selected DC 5.0 MHz
tow Clock Pulse Width 150 ns
towp Clock Pulse Width Prescale Selected 75 ns
tas Gate Set-Up Time With Respect to Negative Clock Edge 100 ns
tGH Gate Hold Time With Respect to Negative Clock Edge 250 ns
tco Clock to Output Delay CL = 100 pF 350 ns
AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT
¥ 08Vec 0.8Vec) DEVICE

0.2Vee  02Vee

UNDER
TL/G/5517-3 TEST __l_

TL/C/5517-4
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NSC810A

6.0 Timing Waveforms

Timer Waveforms
tew 1
tewp o
[+—tow —= %
w /T 7
tes 6h — tco
GATE \

tco
OUTPUT
(ACTIVE LOW)

TL/C/8517~5

Read Cycle (Read from RAM, Port or Timer)

107/M
CE

AD (0-7)

ALE

PERIPHERAL
(PORT) BUS

TL/C/5517-6
Note: Diagonal lines indicate interval of invalid data.

Write Cycle (Write to RAM, Port or Timer)

twey |
101/M 10T/M =0 0R 1
CE CE=1
AD (0-7) ADDRESS IN DATAIN m
tas ——>|etan tos 104

ALE
. taLe arw | tawa

W L—loo
s U

Note: Diagonal lines indicate interval of invalid data.

TL/C/8517-7
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6.0 Timing Waveforms (continued)

Strobed Mode Input

VO0I8ISN

tsw ——

§

}-—lss—v«tsu’{
v wsus IR e X, i

[ tsg—> ]

BF ___/ . _
m S Ve

o Ty N

ALE

PORT A
ADDRESS VALID

e T T ---D---
m \_/

TL/C/5517-8

Note: Diagonal lines indicate interval of invalid data.

Strobed Mode Output

o 000 NN W T
wan Z77777K row e XZ/77IK v X000 [

ALE \ /
WR
tw)——s| «(slq
INTR
MB—‘—L tsg—»
BF }r
n—]
_ I ——
578 '\
~ ACTIVE (MODE 2) lnu—<——|
0LD DATA x NEW DATA
PORT A BUS toe—>| trz—>|
TRI-STATE (MODE 3)
-------------------- Lyl & - o cE» e e

TL/C/5517-9
Note: Diagonal lines indicate interval of invalid data.
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NSC810A

7.0 Pin Descriptions

The function and mnemonic for the NSC810A signals are
described below:

7.1 INPUT SIGNALS

Reset (RESET): RESET is an active-high input that resets
all registers to 0 (low). The RAM contents remain unaltered.

Input/Output Timer or RAM Select (I0T/M): IOT/Mis an
1/0 memory select input line. A logic 1 (high) input selects
the 1/0O-timer portion of the chip; a logic 0 (low) input selects
the RAM portion of the chip. IOT/M is latched at the falling
edge of ALE.

Chip Enable (CE): CE is an active-high input that allows
access to the NSC810A. CE is latched at the falling edge of
ALE.

Read (RD): The RD is an active-low input that enables a
read operation of the RAM or 1/O-timer location.

Write (WR): The WR is an active-low input that enables a
write operation to RAM or 1/0O-timer locations.

Address Latch Enable (ALE): The falling edge of the ALE
input latches ADO-AD7, CE and IOT/M inputs to form the
address for RAM, 1/0 or timer.

Timer 0 Input (TOIN): TOIN is the clock input for timer 0.

7.2 OUTPUT SIGNALS

Timer 0 Output (TOOUT): TOOUT is the programmable out-
put of timer 0. After reset, TOOUT is set high.

7.3 POWER SUPPLY SIGNALS
Positive DC Voltage (Vcc): Vo is the 5V supply pin.
Ground (GND): Ground reference pin.

8.0 Connection Diagrams
Dual-In-Line Package

PC3/TG 1@ o 40 [— Ve
PCA/TIIN —] 2 39 |— PC2/5TB
TOIN — 3 38 |— PC1/BF
RESET — 4 37 |— PCO/INTR
PC5/TI0UT — § 36 |— PB7
TOOUT —{ 6 35 [— PB6
10T/M— 7 34 |—— PBS
CE—8 33 (— PB4
RD— 9 32 f—— PB3
WR — 10 NSC810A 31 |— PB2
ALE — 11 30 |— PB1
ADO —{ 12 29 [—— PBO
AD1 — 13 28 f— PA7
AD2 — 14 27 |— PAG
AD3 —] 15 26 — PAS
AD4 —] 16 25 [— PA4
AD5 — 17 24 |— PA3
AD6 — 18 23 |— PA2
AD7 —{ 19 22 | PA1
GND 20 21 PAD
TL/C/5517-10
Top View

Order Number NSC810AD or NSC810AN
See NS Package Number D40C or N4OA

7.4 INPUT/OUTPUT SIGNALS
Address/Data Bus (AD0-AD7): The multiplexed bidirec-
tional address/data bus; ADO-AD?7 pins, are in the high im-
pedance state when the NSC810A is not selected.
ADO-AD7 will latch address inputs at the falling edge of
ALE. Th_eaddress will designate a location in RAM, 1/0 or
timer. WR input enables 8-bit data to be written into the
addressed location. RD input enables 8-bit data to be read
from the addressed location. The RD or WR inputs occur
while ALE is low.
Port A, 0-7 (PAO-PA7): Port A is an 8-bit basic mode in-
put/output port, also capable of strobed mode |/0 utilizing
three control signals from port C. Strobed mode of opera-
tion on port A has three different modes; strobed input,
strobed output with active peripheral bus, strobed output
with TRI-STATE peripheral bus.
Port B, 0-7 (PB0-PB7): Port B is an 8-bit basic mode in-
put/output port.
Port C, 0-5 (PCO-PC5): Port C is a 6-bit basic mode 1/0
port. Each pin has a programmable second function, as fol-
lows:
PCO/INTR: INTR is an active-low, strobed mode interrupt
request to the Central Processor Unit (CPU).
PC1/BF: BF is an active-high, strobed mode, buffer full
output to peripheral devices.
PC2/STB: STB is an active-low, strobed mode input from
peripheral devices.
PC3/TG: TG is the timer gating signal.
PC4/T1IN: T1IN is the clock input for timer 1.
PC5/T10UT: T10UT is the programmable output of tim-
eri.

Chip Carrier

PC3/
PC5/T10UT TOIN TG Vce PC1/BF

65432 14443424140
T00UT |7 [} 39 PB6
joT/M |8 38 PBS
CE|9 37| PB4
RD{10 36 PB3
WhR |11 35| pB2
NC |12 NSC810A 34| NC
ALE|13 33| P81
ADO |14 32| PBO
AD1]15 31| PA7
AD2|16 30| PA6
AD3|17 29| P5

18 19 20 2122 23 24 25 26 27 28

2 AN

AD4 ADS AD6 AD7 GND NC PAD PA1 PA2 PA3 PA4
TL/C/5517-11
Top View

NC=no connect

Order Number NSC810AE or NSC810AV
See NS Package Number E44B or V44A
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9.0 Functional Description

Figure 1 is a detailed block diagram of the NSC810A. The
functional description that follows describes the RAM, 1/0
and TIMER sections.

9.1 RANDOM ACCESS MEMORY (RAM)

The memory portion of the RAM-I/O-timer is accessed by a
7-bit address input to pins ADO through AD6. The I0T/M

9.2 DETAILED BLOCK DIAGRAM

input must be low (RAM select) and the CE input must be
high at the falling edge of ALE to address the RAM. Address
bit AD7 is a “don’t care” for RAM addressing. Timing for
RAM read and write operations is shown in the timing dia-
grams. The RAM is 128 x 8.

INTERNAL
DATA
BUS
8
. MOR
10
WA —p 12
. HANDSHAKE .
A—>|  contRoL Losic -
o LOGIC 21-28
107/M —p] PORT A H PAO-PAT
11
ALE ——b 00R .
4 : o
RESET —b]
29-36
PORT B H PBO-PB7
RAM
1024 BITS
(128 x8) DOR >
. -
1219 ADDRESS/ 37-39.1.2.5
700-107 | | DATA )
BUFFERS AND PORT
LATCHES
PCO-PCS
0R R HANDSHAKE
¢ > AND TIMER
yy FUNCTIONS
TIMER MODE
REGISTERS 1
HIGH
T1 COMMAND ™ oRoem ¥
LOW «— T
T0 COMMAND ™ oRoeR ¢ PRESCALE
L
[ v v
3 T0 HiGH | B
—
TOIN T0 PRESCALE onoer | Toour
PRESCALE 0 Low
]
e ORDER
20
GND —b
FIGURE 1

TL/C/5517-12
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NSC810A

9.0 Functional Description (continued)
9.31/0 PORTS

The three 1/0 ports, labeled A, B, and C, can be pro-
grammed to be almost any combination of Input and Output
bits. Ports A and B are configured as 8 bits wide, while port
C is 6 bits. There are four different modes of operation for
the ports. Three of the modes are for timed transfer of data
between the peripheral and the NSC810A, this is called
strobed 1/0. The fourth mode is for direct transfer without
handshaking with the peripheral.

The NSC810A can be programmed to operate in four differ-
ent modes. One of these modes (Basic 1/0) allows direct
transfer of 1/0 data without any handshaking between the
NSC810A and the peripheral. The other three modes
(Strobed 1/0) provide for timed transfers of 1/0O data with
handshaking between the NSC810A and the peripheral.

The determination of the mode, data direction and data is
done by five registers which are, handily, under program
control. The Mode Definition Register (MDRY), oddly enough,
determines which mode the device will operate in, while the
Data Direction Register (DDR) establishes the direction of
the data transfer. The Data register contains the data that is
being sent or has been received. The other two registers
(bit-set, bit-clear) allow the individual bits in the data register
to be set or cleared without affecting the other bits. Each
port has its own set of these registers, except the MDR
which affects ports A and C only.

In the strobed /0 modes, port C bits 0, 1 and 2 function as
INTR (for the processor), BF, and STB respectively.

9.3.1 Registers
As can be seen in Table |, all the registers affecting 1/0
transfer are grouped at the lower address locations, this
allows quicker handling and more maneuverability in tight
data transfers. Also note in Table | that the NSC810A uses
23 |1/0 addresses out of a block of 26. The upper three bits
of the address are determined by the chip enable address.
¢ Mode Definition Register (MDR)
As noted above this register defines the operating mode for
ports A and C (port B is always in the basic |/0 mode). The
upper 3 bits of port C will also be in the basic I/0 mode
even when the lower 3 bits are being used for handshaking.
The four modes are as follows:

Mode 0—Basic I/0 (Input or Output)

Mode 1—Strobed Mode Input

Mode 2—Strobed Mode Output (Active Peripheral Bus)

Mode 3—Strobed Mode Output (TRI-STATE Peripheral
Bus)

The address assignment of the MDR is xxx00111 as shown
in Table I. Table Il specifies the data that must be loaded
into the MDR to select the mode.

* Data Direction Registers (DDR)

Each port has a DDR that determines whether an individual
port bit will be an input or an output. This can be considered
the traffic light for the transfer of data between the CPU and
the peripheral. Each port bit has a corresponding bit in this
register. If the DDR bit is set (1) the port bit is an output; if it
is cleared (0) the port bit is an input. The DDR bits cannot
be written to individually. The register as a whole must be
set to be consistent with all desired port bit directions.

TABLE I. 1/0 and Timer Address Designations

8-Bit Adgirt‘:ss Field Designation | R (Read)
26543210 1/0 Port, Timer, etc. | W (Write)
X X x 0 0 0 0 O]PortA (Data) R/W
X X X 0 0 0 0 1|PortB (Data) R/W
x x x 0 0 0 1 OPortC (Data) R/W
Xx Xx x 0 0 0 1 1|NotUsed **
X Xx x 0 01 0 O|DDR-PortA W
X X x 00 10 1|/DDR-PortB W
Xx x x 001 1 O|DDR-PortC W
x x x 0 0 1 1 1]|Mode Definition Reg. w
X X x 01 0 0 0]PortA -Bit-Clear w
Xx x x 01 0 0 1|PortB -Bit-Clear W
X Xx x 01 0 1 0|PortC-Bit-Clear w
x x x 01 0 1 1|NotUsed **
x x x 0 1 1 0 O|PortA -Bit-Set W
x x x 01 1 0 1/|PortB -Bit-Set W
X X x 01 1 1 0|PortC-Bit-Set W
x x x 01 1 1 1|NotUsed **
x x x 1 0 0 0 O|TimerO(LB) *
X X x 1 00 0 1|Timer0(HB) *
Xx Xx x 1 0 0 1 0]Timer1(LB) *
x x x 1 0 0 1 1|Timer1(HB) *
x x x 1 0 1 0 0|STOP Timer0 w
x x x 1 0 1 0 1|START Timer0 W
x x x 1 01 1 0|STOP Timer1 W
x x x 1 0 1 1 1[START Timer1 W
x x x 1 1 0 0 0] Timer0Mode R/W
x x x 1 1 0 0 1]Timer1Mode R/W
x x x 1 1 0 1 0|NotUsed **
x x x 1 1 0 1 1|NotUsed **
x X x 1 1 1 0 0|NotUsed o
x x x 1 1 1 0 1|NotUsed *E
x x x 1 1 1 1 0NotUsed *x
x x x 1 1 1 1 1]NotUsed *x

x = don't care

LB = low-order byte

HB= high-order byte
* A write accesses the modulus register, a read the read buffer.

** A read from an unused location reads invalid data, a write does not affect
any operation of NSC810A.

TABLE Il. Mode Definition Register Bit Assignments
Bit

Mode

X X X X |~
X X X X |
X X X X |
X X X X |&
X X X X |W
- OX X IN
- O X |-
aaao|e

0
1
2
3
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9.0 Functional Description (continued)

Any write or read to the port bits contradicting the direction
established by the DDR will not affect the port bits output or
input. However, a write to a port bit, defined as an input, will
modify the output latch and a read to a port bit, defined as
an output, will read this output latch. See Figure 2.

* Data Registers

These registers contain the actual data being transferred
between the CPU and the peripheral. In Basic 1/0, data
presented by the peripheral (read cycle) will be latched on
the falling edge of RD. Data presented by the CPU (write
cycle) will be valid after the rising edge of WR (see AC char-
acteristics for exact timing).

During Strobed 1/0, data presented by the peripheral must
be valid on the rising edge of STB. Data received by the
peripheral will be valid on the rising edge of STB. Data
latched by the port on the rising edge of STB will be pre-
served until the next CPU read or STB signal.

* Bit Set-Clear Registers

The 1/0 features of the RAM-1/O-timer allow modification of
a single bit or several bits of a port with the Bit-Set and Bit-
Clear commands. The address selected indicates whether a
Bit-Set or Clear will take place. The incoming data on the
address/data bus is latched at the trailing edge of the WR
strobe and is treated as a mask. All bits containing 1s will
cause the indicated operation to be performed on the corre-
sponding port bit. All bits of the mask with Os cause the
corresponding port bits to remain unchanged. Three sample
operations are shown in Table lll using port B as an ex-
ample.

INTERNAL

TABLE lIl. Bit-Set and Clear Examples

Operation Clear B2 Set B4, B3
Port B SetB7 and BO and B1
Address xxx01101 xxx01001 xxx01101
Data 10000000 | 00000101 00011010
Port Pins
Prior State | 00001111 10001111 10001010
Next State | 10001111 10001010 10011010
9.3.2 Modes

Two data transfer modes are implemented: Basic |/0 and
Strobed 1/0. Strobed 1/0 can be further subdivided into
three categories: Strobed Input, Strobed Output (active pe-
ripheral bus) and Strobed Output (TRI-STATE peripheral
bus). The following descriptions detail the functions of these
categories.

e Basic 1/0

Basic 1/0 mode uses the RD and WR CPU bus signals to
latch data at the peripheral bus. This mode is the permanent
mode of operation for ports B and C. Port A is in this mode if
the MDR is set to mode 0. Read and write byte operations
and bit operations can be done in Basic 1/0. Timing for
these modes is shown in the AC Characteristics Table and
described with the data register definitions.

When the NSC810A is reset, all registers are cleared to
zero. This results in the basic mode of operation being se-
lected, all port bits are made inputs and the output latch for
each port bit is cleared to zero. The NSC810A, at this point,
can read data from any peripheral port without further set-
up. If outputs are desired, the CPU merely has to program
the appropriate DDR and then send data to the data ports.

DATA BUS WR(SET)
WR WR(CLR)
P (i)
OUTPUT DATA
LATCH —>
WR(DDR)
0DR
em—
(DATA DIRECTION)
a— MODE
MUX
WR |T.sTB
) §T8
INPUT
DATA LATCH
4
AD
STB

MODE

TL/C/5517-13

FIGURE 2
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NSC810A

9.0 Functional Description (continued)
e Strobed I/0

Strobed 1/0 Mode uses the STB, BF and INTR signals to
latch the data and indicate that new data is available for
transfer. Port A is used for the transfer of data when in any
of the Strobed modes. Port B can still be used for Basic I/0
and the lower 3-bits of port C are now the three handshake
signals for Strobed 1/0. Timing for this mode is shown in the
AC Characteristic Tables.

Initializing the NSC810A for Strobed 1/0O Mode is done by
loading the data shown in Table IV Into the specified regis-
ter. The registers should be loaded in the order (left to right)
that they appear in Table IV.

TABLE IV. Mode Definition Register Configurations

PortC
DDR DDR
Mode MDR Output
PortA | PortC Latch
Basic /0 XXXXXXX0 Port bit directions are
determined by the bits of
each port’s DDR
Strobed Input | xxxxxx01 | 00000000 | xxx011 | xxx1xx
Strobed Output | xxxxx011 [ 11111111 | xxx011 | xxx1xx
(Active)
Strobed Output | xxxxx111 [ 11111111 | xxx011 | xxx1xx
(TRI-STATE)

® Strobed Input (Mode 1)

During strobed input operations, an external device can load
data into port A with the STB signal. Data is input to the

Example Mode 1 (Strobed Input):

PAO-7 input latches on the leading (negative) edge of STB,
causing BF to go high (true). On the trailing (positive) edge
of STB the data is latched and the interrupt signal, INTR,
becomes valid indicating to the CPU that new data is avail-
able. INTR becomes valid only if the interrupt is enabled,
that is the output data latch for PC2 is set to 1.

When the CPU reads port A, address x’00, the trailing edge
of the RD strobe causes BF and INTR to become inactive,
indicating that the strobed input cycle has been completed.

¢ Strobed Output—Active (Mode 2)

During strobed output operations, an external device can
read data from port A using the STB signal. Data is initially
loaded into port A by the CPU writing to 1/0 address x'00.
On the trailing edge of WR, INTR is set inactive and BF
becomes valid indicating new data is available for the exter-
nal device. When the external device is ready to accept the
data in port A it pulses the STB signal. The rising edge of
STB resets BF and activates the INTR signal. INTR be-
comes valid only if the interrupt is enabled, that is the output
latch for PC2 is set to 1. INTR in this mode indicates a
condition that requires CPU intervention (the output of the
next byte of data).

o Strobed Output—TRI-STATE (Mode 3)

The Strobed Output TRI-STATE Mode and the Strobed Out-
put active (peripheral) bus mode function in a similar man-
ner with one exception. The exception is that the data sig-
nals on PAO-7 assume the high impedance state at all
times except when accessed by the STB signal. Strobed
Mode 3 is identical to Strobed Mode 2, except as indicated
above.

Action Taken INTR BF Results of Action

INITIALIZATION

Reset NSC810A H L Basic input mode all ports.

Load 01’H into H L Strobed input mode entered; no byte loads to port C
MDR after this step; bit-set and clear commands to INTR

and BF no longer work.

Load 00'H into H L Sets data direction register for port A to input;
DDR A data from port A peripheral bus is available

to the CPU if the STB signal is used, other
handshake signals aren’t initialized, yet.

Load 03'H into H L Sets data direction register of port C; buffer full
DDR C signal works after this step and it is unaffected

by the bit-set and clear registers.

Load 04’H into H L Sets output latch (PC2) to enable INTR; INTR will
Port C Bit-Set latch active whenever STB goes low; INTR can be
Register disabled by a bit-clear to PC2.*

OPERATION

STB pulses low L H Data on peripheral bus is latched into port A;

INTR is cleared by a CPU read of port A or a
bit-clear of STB.

CPU reads Port A H L CPU gets data from port A; INTR is cleared;

peripheral is signalled to send next byte via

an inactive BF signal. Repeat last two steps until
EOT at which time CPU sends bit-clear to the
output latch (PC2).

* Port C can be read by the CPU at anytime, allowing polled operation instead of interrupt driven operation.
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9.0 Functional Description (continued)

Example Mode 2 (Strobed Output—active peripheral bus):

Action Taken INTR BF Results of Action
INITIALIZE
Reset NSC810A H L basic input mode all ports.
Load 03'H into H L strobed output mode entered; no byte loads to
MDR port C after this step; bit-set and clear
commands to INTR and BF no longer work.
Load FF’H into H L Sets data direction register for port A to output;
DDR A data from port A is available to the peripheral
if the STB signal is used other handshake
signals aren’tinitialized, yet.
Load 03'H into H L Sets data direction register of port C; buffer
DDRC full signal works after this step and it is
unaffected by the bit-set and clear registers
Load 04’H into L L Sets output latch (PC2) to enable INTR;
Port C Bit-Set active INTR indicates that CPU
Register should send data; INTR becomes inactive
whenever the CPU loads port A; INTR can
be disabled by a bit-clear to STB.*
OPERATION
CPU writes to H H Data on CPU bus is latched into port A;
Port A INTR is set by the CPU write to port A; active
STB pulses low L L BF indicates to peripheral that
data is valid; Peripheral gets data from port A;
INTR is reset active; The active INTR signals the
CPU to send the next byte. Repeat last two
steps until EOT at which time CPU sends
bit-clear to the output latch (PC2).

*Port C can be read by the CPU at any time, allowing polled operation instead of interrupt driven operation.

In addition to its timing function, STB enables port A outputs
to active logic levels. This Mode 3 operation allows other
data sources, in addition to the NSC810A, to access the
peripheral bus.

e Handshaking Signals

In the Strobed mode of operation, the lower 3-bits of port C

transmit/receive the handshake signals (PCO=INTR,

PC1=BF, PC2=STB).

INTR (Strobe Mode Interrupt) is an active-low interrupt from
the NSC810A to the CPU. In strobed input mode, the
CPU reads the valid data at port A to clear the inter-
rupt. In strobed output mode, the CPU clears the inter-
rupt by writing data to port A.

The INTR output can be enabled or disabled, thus
giving it the ability to control strobed data transfer. It is
enabled or disabled, respectively, by setting or clear-
ing bit 2 of the port C output data latch (STB).

PC2 is always an input during strobed mode of opera-
tion, its output data latch is not needed. Therefore,
during strobed mode of operation it is internally gated
with the interrupt signal to generate the INTR output.
Reset clears this bit to zero, so it must be set to one to
enable the INTR pin for strobed operation.

Once the strobed mode of operation is programmed,
the only way to change the output data latch of PC2 is
by using the Bit-Set and Clear registers. The port C
byte write command will not alter the output data latch
of PC2 during the strobed mode of operation.

STB (Strobe) is an active low input from the peripheral de-
vice, signalling a data transfer. The NSC810A latches
data on the rising edge of STB if the port bit is an input
and the peripheral should latch data on the rising
edge of STB if the port bit is an output.

BF  (Buffer Full) is a high active output from the NSC810A.
For input port bits, it indicates that new data has been
received from the peripheral. For output port bits, it
indicates that new data is available for the peripheral.

Note: In either input or output mode the BF may be
cleared by rewriting the MDR.

9.4 TIMERS

The NSC810A has two timers. These are independently
programmable, 16-bit binary down-counters. Full count is
reached at n+ 1, where n is the count loaded into the modu-
lus registers. Timer outputs provide six distinct modes of
operation and allow the CPU to check the present count at
anytime. Each timer has an independent clock input and
output. Start and stop words from the CPU can individually
start and stop the timers in any of the modes. A common
gate signal can start and stop both timers in three of the six
modes. Timer 0 has three possible input clock prescalers
+1, +2 and +64. Timer 1 has two possible input clock
prescalers +~1 and +2.

Primary components of one timer are shown in Figure 3.
The timer mode register is a read/write register providing
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9.0 Functional Description (continued)

the primary characterization of the timer output. The start/
stop logic and prescaler block divides the clock input by the
prescale factor, passing the output (INTCLK) to the binary
down-counter. This block also gates the clock input signal
(TIN) with the timer gate signal (TG). The timer block loads
the modulus from the modulus register and uses (INTCLK)
to count to zero. It loads the current count into the read
buffer block where the CPU can access it at anytime. This
timer block also indicates to the output control logic when
the modulus is loaded (or reloaded) and when the count
reaches 0. The output control logic block drives the output
pins according to the timer mode register and the timer
block. The output of the timer block (Figure 3) (terminal
count) is related to the input TIN by:

terminal count = TN __
pl2(m + 1)]
where:

TIN = the input frequency
p = the programmed prescale
m = the modulus

This relationship can be seen directly (TOUT) in Mode 5
(square wave) as it is not masked by the subsequent output
logic.

9.4.1 Registers

There are five control registers for each timer. These are
shown in the second group of Table |. They determine all
timer functions and outputs.

INTCLK and can be read without stopping the timers (see
single/double precision).

* Timer Mode Register

The timer mode register determines the operating configu-
ration and the active input and output signal levels. Each
timer has its own timer mode register, allowing independent
operation.

The timer mode register (TMR) may be written or read at
any time; however, to assure accurate timing it is important
to modify the mode only when the timer is stopped (see
Timer Programming). The timer mode is selected from one
of six modes by TMR bits 0, 1, and 2 (see Table V). Bits 3
and 4 select the prescale value if the prescaler is to be
used. Bits 5, 6 and 7 select the modulus width (8- or 16-
bits), gate input polarity, and timer output polarity (active-
high or low), respectively. The bit functions of the TMR are
illustrated in Figure 4.

TMR 7 6 5 4 3 2 1 0

‘—t- TIMING MODE
PRESCALE VALUE

SINGLE/DOUBLE PRECISION
GATE INPUT POLARITY
TIMER OUTPUT POLARITY
TL/C/5517-15
FIGURE 4. Timer Mode Register

TABLE V. Mode Selection

* Modulus Registers and Read Buffer Bt 2 1 0 - Timer Function
There are two modulus registers per timer (low byte, high 0 0 0 - Timer Stopped and Reset
byte). These are write only registers, and the two 8-bit val- 0 0 1 - Event Counter
ues loaded by the CPU are combined into a 16-bit modulus 0 1 0 - Event Timer (Stopwatch)
for the timer’s down counter. 0 1 1 - Event Timer (Resetting)
When the CPU reads from the modulus register addresses, 1 0 0 -  OneShot
it actually accesses the read buffers. These contain the low 1.0 1 - Square Wave
and high byte of the decremented modulus. This count is 11 0 - PulseGenerator
constantly updated by the timer block on the falling edge of i1 1 1 -  TimerStoppedand Reset
INTERNAL BUS
(HIGH Low (HIGH (Low
RD—>1 D SR BYTE) w—s] B BYTE)
WR —p] (TMR)
MODULUS REGISTER READ BUFFER
I—b CONTROL ‘i
\4
TIN(CLK) START/STOP LOGIC
TG(GATE) —p] AND NS, TIMER -
Wi —b PRESCALER 16)
TERMINAL
COUNT
A4
OUTPUT
CONTROL
L0GIC = TOUT
(SYNC)
CONTROL

FIGURE 3. Timer Internal Block Diagram (One of Two Timers)

TL/C/5517-14
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9.0 Functional Description (continued)
— Timer Prescaler

There is a prescale function associated with each timer. It
serves as an additional divisor to lengthen the counts for
each timer circuit. The value of the divisor is fixed and se-
lectable in each TMR, as shown below.

Bits
TMRO 4 3 Prescale
0 o0 +1
o 1 +2
1 1 +64

The +64 is not available on timer 1; TMR1 bit 4 is a “don’t
care.”

Bits
TMR1 4 3 Prescale
X 0 =1
X 1 +2

The timer prescale divides the input clock (TIN) and pro-
vides the output (INTCLK) to the drive the timer block (Fig-
ure 3).

— Single/Double Precision

Bit 5 of the TMR determines whether a single or double byte
can be accurately read from the read buffer. This option
does not affect the use of the modulus registers by the timer
block (i.e., the modulus used is always a double byte regard-
less of the precision mode selected).

The read buffer keeps track of the count and is constantly
being updated by the timer block. In order to allow the CPU
to read the read buffer, the NSC810A must discontinue up-
dates to this buffer during the read. The precision bit deter-
mines whether one or two bytes in the read buffer will be
frozen during the read process. In double precision mode,
the NSC810A freezes high and low bytes in the read buffer
for two consecutive read cycles. In the single precision
mode, the NSC810A freezes the read buffer for only one
read cycle. Read accesses should be done as follows.

When the TMR bit 5 is:

0— (double byte) read or write the low byte first, then
the high byte to maintain proper read/write com-
munications.

1— (single byte) In this mode either the high or low byte
of the count can be read at any given instant but
not both bytes consecutively. Always write the low
byte first, then the high byte to load the modulus.

The following example illustrates this point. If the read buffer
had a value of 0200 when the low byte was read and the
down-counter decremented to 01FF before the high byte
was read, then in the double precision mode the CPU would
have read 00 and 02, respectively. In the single precision
mode the CPU would have read 00 and 01.

NOTE: In the double precision mode, the high byte should be read immedi-

ately after the low byte. Do not access any other registers or unused
address locations between the reads.

— Gate Input Polarity

In modes 2, 3 and 4, the TG input is the common hardware
control for starting and stopping the timers.

The polarity of the gate input may be selected by the con-
tents of bit 6 of the TMR. If bit 6 equals 0, the gate signal will
be active-high or positive edge for mode 4; if bit 6 equals 1,
the gate polarity will be active-low or negative edge for
mode 4. Modes 2 and 3 are level sensitive. Mode 4 is edge
sensitive.

— Timer Output Polarity

Like the gating function, the polarity of the output signal is
programmable via bit 7 of the TMR. A zero will cause an
active-low output; a one will generate an active-high output.

The output for T1 is multiplexed with port C, bit 5. (Similarly
T1IN is multiplexed with port C, bit 4.) When any timer mode
other than 0 or 7 is specified for T1, or when mode 2, mode
3, or mode 4 is specified for TO, the three port C pins, bit 3,
bit 4, and bit 5, become TG, T1IN and T10UT, respectively.

e Start and Stop Registers

This is the software start and stop for the timers. There is
one start and one stop register for each timer. Writing any
data to the start register of a timer starts that timer or trans-
fers start and stop control to TG (in the gated modes 2, 3
and 4). Writing any data to the stop register stops the timer
and removes start and stop control from TG (in the gated
modes 2, 3 and 4). Restarting the timers causes the modu-
lus to be reloaded for all gated timer modes (2, 3 and 4).

During software restarts of the timers (write to the STOP
register and then to the START register) the modulus will be
reloaded only if the internal clock signal (INTCLK) is in the
high level or makes at least one transition to the high level
between the time that the STOP and START registers are
written. If INTCLK doesn’t meet one of these criteria then
the modulus will not be reloaded and the timer will continue
to count down from where it was stopped.*

Since it is difficult, if not impossible, to know the level of
INTCLK in non-gated modes the recommended practice for
restart operation is to reload the modulus after stopping the
timer using the 4 step programming procedure in the Timer
Programming section of this datasheet. In gated modes
INTCLK always stops high.
*NOTE: INTCLK is coupled via the prescaler to TIN and reacts to the TIN
clock input regardless of whether the timer is started or stopped.
— Start/Stop Timing
Figure 5 shows the relationships between the WR signal
(start register), TIN and INTCLK for both the non-gated and
gated modes. The TG signal is only sampled during the pos-
itive half of the TIN cycle. This means that when the gated
modes are used the internal clock (INTCLK) is never
stopped in the low state. Hence, when TG goes active high
INTCLK is restarted on the next high-to-low transition of
TIN. When TG goes inactive low INTCLK will stop as soon
as TIN is high.

9.4.2 Timer Pins
TIN, TOUT, and TG

Timer 0 has dedicated pins for its clock, TOIN, and its out-
put, TOOUT. Timer 1 must borrow its input and output pins
from port C. This is accomplished by writing to the TMR for
timer 1. If mode 1, 2, 3, 4, 5 or 6 is specified in TMR1, the
pins from port C (PC3, PC4 and PC5) are automatically
made available to the timer(s) for gating (TG), T1IN and
T10UT, respectively. These pins are also taken from port C
any time timer 0 is in mode 2, 3, 4, so that it has a TG pin. In
order to change pins PC3, PC4 and PC5 back to their origi-
nal configuration as Basic 1/0, the timer mode registers
must be reset by selecting mode 0 or 7.

TG (PC3), the timer gate, is used for hardware control to
start/stop (or trigger) the timers. The timer gate may be
used individually by either timer or simultaneously by both
timers.

For modes 2 and 3, the timer starts on the gate-active tran-
sition assuming the start address was previously written. If
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FIGURE 5. Start/Stop Timing

twsp—WR set-up for stopping timer 150 ns.
tasT—TG (gate) set-up for starting timer 100 ns.
tasp—TG (gate) set-up for stopping timer 100 ns.

Note: Diagonal lines indicate interval of invalid data.
For mode 4 (one shot), only start-timing applies.
twsT—WR set-up for starting timer 150 ns.
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9.0 Functional Description (continued)

TABLE VI. Timer Programming Selection Example

Mode Register Bit Timer Timer i
(TMR) Output Gate Mode Description
p. X Single/Double Prescale | Timing Port C DDR
Polarity | Polarity Precision Value Mode 543210
7 6 5 4 3 2 1 0 Active Active s/D
L/H L/H

TIMER 0

X X x x x 0 0 O X X X X 0 X X X X X X
0 x 0 0 0 0 O 1 L X D +1 1 X X X X X X
i x 0 1 1 1 1 0 H X D +64 6 X X X X X X
i 0 0 0 1 1 0 O H H D +2 4 1 0 0 x x X
o 1 1 0 0 0 1 O L L S =1 2 1 0 0 x x X
TIMER 1

X x x x x 1 1 1 X X X X 7 X X X X X X
0 x 0 x 0 O 0 1 L X D +1 1 1 0 0 x x x
1 01 x 1 1 0 1 H H S +2 5 1 0 0 x x X
0 1 0 x 0 O 1 1 L L D +1 3 1 0 0 x x X

the timer gate makes an active transition prior to a write to
the start register’s address, the trailing edge of the WR
strobe starts the timer. However, for mode 4 the timer al-
ways waits for an active gate edge following a write to the
start address before it begins counting.

The DDR for port C must be programmed with the correct
170 direction for TG, T1IN and T1OUT of timer 1. See Table
VI for programming examples.

9.4.3 Timer Modes

The low-order three bits (bits 0, 1, 2) of the timer mode
registers (TMR) define the mode of operation for the timers.
Each TMR may be written to, or read from, at any time.
However, to ensure accurate timing, it is important to modify
the mode of the timer only when the timer is stopped. Inputs
of 000 or 111 define a NOP (no operation) mode. In either of
these modes (0 or 7) the timer is stopped, INTCLK is high,
and the output is inactive. Inputs of 001 through 110 will
select one of six distinct timer functions.

In the explanations that follow, assume that the modulus
register for the timer was loaded with the appropriate value
(0004) by writing to the low and high bytes of each timer
modulus register. Assume also, that the prescale is +1.

¢ Event Counter (mode 1 TMR bits = 001)

In this non-gated mode the count is decremented for each
clock period (INTCLK) input to the timer block (see Figure
6a). When the count reaches zero, the output goes valid
and remains valid, until the read buffer is read by the CPU or
the timer stop register is written.

At the terminal count (0) the modulus is reloaded into the
timer block and the count continues even when the output is
valid. This mode can be used to cause periodic interrupts to
the CPU.

o Accumulative Timer (mode 2, TMR bits = 010)

In this gated mode, the counter will decrement only when
the gate input is active (see Figure 6b). If the gate becomes
inactive, the counter will hold at its present value and con-
tinue to decrement when the gate again becomes active.
When the count decrements to zero, the output becomes
valid and remains valid until the count is read by the CPU or
the timer is stopped.

At the terminal count the timer is reloaded and the count
continues as long as the gate is active.

This mode can be used to time processor independent
events and to interrupt the CPU when they occur. The pre-
scale and modulus need to be longer than the expected
event duration and the gate should go inactive at the event,
to preserve the read buffer count for the CPU.

* Restartable Timer (mode 3, TMR bits = 011)

In this gated mode, the counter will decrement only when
the gate input is active. If the gate becomes inactive, the
counter will reload the modulus and hold this value until the
gate again becomes active (see Figure 6c). If the timer is
read when the gate is inactive, you will always read the
value the timer has counted down to, not the value the timer
has been reloaded with.

At terminal count the output becomes valid and the timer is
reloaded. The timer will continue to run as normal, the only
difference is the output is valid. The output remains valid
until the count is read by the CPU or the timer stop register
is written.

NOTE: The gate inactive time must be longer than the high time of the
internal clock (INTCLK) on the chip. Therefore, with +64 prescale
selected the gate inactive time must be 33 input clocks or greater.
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NSC810A

9.0 Functional Description (continued)
* One Shot Mode (mode 4, TMR bits = 100)

In this gated mode, the timer holds the modulus count until
the active gate edge (see Figure 6d). The output immedi-
ately becomes valid and remains valid as the counter decre-
ments. The gating signal may go inactive without affecting
the count. If TG (the gate) becomes inactive and returns
active prior to the terminal count, the modulus will be reload-
ed, retriggering the one shot period. When the timer reach-
es the terminal count, the output becomes inactive (see

NOTE). The gate, in this mode, is edge sensitive; the active

edge is defined by the TMR.

NOTE: The one shot cannot be retriggered during its last internal count
(INTCLK) regardless of prescaler selected. Therefore, using the di-
vide by 1 prescaler, it cannot be retriggered during the last clock
(TIN), using the divide by 2 prescaler during the last two clocks (TIN)
and using the divide by 64 prescaler during the last 64 clocks (TIN).

® Square Wave Mode (mode 5, TMR bits = 101)

In this non-gated mode, the output will go active as soon as
the timer is started. The counter decrements for each clock
period (INTCLK) and complements its output when zero is
reached (see Figure 6e ). The modulus is then reloaded and
counting continues. Assuming a regular clock input, the out-
put will then be a square wave with a period equal to twice
the prescale value times the value loaded into the modulus
+1 (see equation Timer section intro.). Therefore, varying
the modulus will vary the period of the square wave.

® Pulse Generator (mode 6, TMR bits = 110)

In this non-gated mode, the counter decrements for each
period of INTCLK (see Figure 6f). When the terminal count
is reached the output becomes valid for 1, of the TIN clock
width for a prescale of + 1, for one full TIN clock width for a
prescale of + 2 and for 32 TIN clock widths for a prescale of
+64. The modulus is then reloaded and the sequence is
repeated. Varying the prescale and modulus varies the fre-
quency of the pulse.

9.4.4 Timer Programming

The following is the proper sequence to program the timer
and should always be used:

1. Write timer mode register selecting mode 0 or 7. This
stops the timer, resets the prescaler, and sets internal
clock high.

2. Write timer mode register again, this time loading it for
your requirements.

3. Write the modulus values, low byte first, high byte
second.

4, Start the timers.

The timer read buffer is only updated when the internal tim-
er clock (INTCLK) makes a negative-going transition. There-
fore, enough input clock cycles (TIN) must occur to cause a
transition of INTCLK given the programmed pre-scaler. Af-
ter the first transition, the new modulus will be loaded into
the read buffer and it can then be read by the CPU.

To guarantee the integrity of the data during a read opera-
tion, updates to the timer read buffer are blocked out. If an
update is blocked out due to a read, the read buffer will not
be updated until the next active transition of INTCLK. Thus,
it would appear as if a count was skipped between reads.
For example, if the output latches were FF when a block out
(read) occurred, the next update could occur at FD, thereby
giving an appearance that the count FE was skipped. In
actuality the correct number of clocks has occurred for the
read buffer to hold FD.

Writing the modulus value when the timer is running does
not update the timer immediately. The new value written will
get into the timer when the timer reaches its terminal count
and reloads its value. If the timer is stopped and a modulus
is written the new modulus value will get into the timer when
the internal clock is high during the modulus write or on the
next low to high internal clock transition. The next time the
timer reaches its terminal count it will load the new modulus
into the timer. One way to guarantee the new modulus will
get into the timer is to follow steps 1 through 4. Although
this procedure guarantees that the data will get into the tim-
er you will not be able to read it back until you get a nega-
tive-going transition on the internal clock.

Rewriting modulus does not reset the prescaler. The only
way to reset the prescaler is to write the mode register and
have the internal clock signal be high for some period be-
tween the write of the mode register and the start of the
timer. Once again, steps 1 through 4 will reset the prescaler.
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10.0 NSC810A/883 MIL-STD-883 Class B Screening

National Semiconductor offers the NSC810AD and
NSC810AE with full class B screening per MIL-STD-883 for
Military/ Aerospace programs requiring high reliability. In ad-
dition, this screening is available for all of the key NSC800
peripheral devices.

Electrical testing is performed in accordance with
RETS810AX, which tests or guarantees all of the electrical
performance characteristics of the NSC810A data sheet. A
copy of the current revision of RETS810AX is available
upon request. The following table is the MIL-STD-883 flow

as of the date of publication.

Test MIL-STD-883 Method/Condition Requirement
Internal Visual 2010B 100%
Stabilization Bake 1008 C 24 Hrs. @ +150°C 100%
Temperature Cycling 1010 C 10 Cycles —65°C/ +150°C 100%
Constant Acceleration 2001 E 30,000 G's, Y1 Axis 100%
Fine Leak 1014 AorB 100%
Gross Leak 1014C 100%
Burn-in 1015 160 Hrs. @ +125°C (using 100%
burn-in circuits shown below)
Final Electrical +25°C DC per RETS810AX 100%
PDA 5% Max
+125°C AC and DC per RETS810AX 100%
—55°C AC and DC per RETS810AX 100%
+25°C AC per RETS810AX 100%
QA Acceptance 5005 Sample per
Quality Conformance 5056 Method 5005
External Visual 2009 100%

11.0 Burn-In Circuit
5242HR
NSC810AD/883B (Dual-In-Line)
5.5 Vpc
10
VWA 1 40 =AAA—0
— VWV 2 39 [—AAA—
= 3 38 ~AW—9
CLOCK 1 AN~ 4 31 -AMA—9
MW\ § 36 VW4
N 6 35 [-AAA—4
7 34 [=AAA~G
oﬁ'vw— 8 33 A~
CLOCK 3 AAA—] 9 32 -AAA—
05—1W\— 10 3 VWS
CLOCK 2 AN~ 11 30 -AMWA—9
*—MA\— 12 29 =AAM—9
VN~ 13 28 —AW—e
N\ 1 27 ~AA—9
M\ 15 26 =AM
*—VW— 16 25 -AAA—9
—AN—] 17 24 [—AAN—9
*—MA—] 18 23 —AAAN—9
—VWW\—] 19 2 —AMAN—9
20 21 —AAN—9
e

TL/C/5517-23

12.0 Timing Diagram

Input Clocks
248 8us 248
4.5V =
CLOCK 1 _]
o
28 8 us 2
4.5V
CLOCK 2
ov
3u |3 7 us—

4.5V
CLOCK 3
0

-] -

[e—16 ps— ]

e

10 s
TL/C/5517-24

Note 1: All resistors £5%, Y/, watt unless otherwise designated, 125°C op-
erating life circuit.

Note 2: E package burn-in circuit 5244HR is functionally identical to the D
package.

Note 3: All resistors 2.7 kQ unless marked otherwise.
Note 4: All clocks OV to 4.5V.
Note 5: Device to be cooled down under power after burn-in.
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13.0 Ordering Information
NSC810AX X X X

I ‘IA+ =A+ Reliability Screening
/883 =MIL-STD-883 Screening (Note 1)

| = Industrial Temperature (—40°C to +85°C)
M = Military Temperature (- 55°C to + 125°C)
No Designation = Commercial Temperature (0°C to 70°C)

—1=1 MHz Clock Output

—3=2.5 MHz Clock Output
— 4 =4 MHz Clock Output

D =Ceramic Package
N=Plastic Package

E = Ceramic Leadless Chip Carrier (LCC)
V=Plastic Leaded Chip Carrier (PCC)

TL/C/5517-25

Note 1: Do not specify a temperature option; all parts are screened to military temperature.

14.0 Reliability Information
Gate Count
Transistor Count

4000
14,000
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National
Semiconductor

NSC831 Parallel 170

General Description

The NSCB831 is an 1/0 device which is fabricated using
microCMOS silicon gate technology, functioning as an in-
put/output peripheral interface device. It consists of 20 pro-
grammable input/output bits arranged as three separate
ports, with each bit individually definable as an input or out-
put. The port bits can be set or cleared individually and can
be written to or read from in bytes. Several types of strobed
mode operations are available through Port A.

For military applications the NSC831 is available with class

B screening in accordance with methods 5004 of MIL-STD-
883.

. S—b =7
(g, () 20 g ) (22222,
PRACNWZZR I

microCMOS

Features

Three programmable 1/0 ports

Single 5V Power Supply

Very low power consumption

Fully static operation

Single-instruction 1/0 bit operations
Directly compatible with NSC800 family
Strobed modes available on Port A

BEEHBEBR

Microcomputer Family Block Diagram

t dlin 4 4

CLK XOUT  XIN Vgg GND Vee
i INTR ADO-AD7 ADO-AD7 :0;;8}\
—>| RSTA, B, C
—>] NMI (8)
<+—{ iNTA AB-ATS NSC810A PORT B
RAM 8 BITS
¢ So — 1 o
b o R0 TiMER S porT ¢
<+—| AFsn WR WR 6 BITS
RFSH NSC800
——p{ BREQ cPU ALE ALE
<+—{ BAcK 0/M 10T/M <4—— TIMER 0 IN
—| WA RESET OUT RESET ——— TIMER 0 OUT
—p] ps
Vee
RESET IN
PORT A
I 8 BITS
= (8)
NSC831 PORT B
SR 8 BITS
>{ AD
o ws (4)
> WR PORT C
—>{ ALE 4BITS
—-§ RESET

TL/C/5594-1
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1.0 Absolute Maximum Ratings 2.0 Operating Range vcc = 5v +10% §
If Military/Aerospace specified devices are required, NSC831-1:  0°C to +70°C 2-:
contact the National Semiconductor Sales Office/ —40°C to +85°C
Distributors for availability and specifications. NSC831-3: —40°C to +85°C
Storage Temperature Range —65°Cto +150°C —55°Cto +125°C
Voltage at Any Pin With NSC831-4: 0°C to +70°C

Respect to Ground —0.3Vto Vg + 0.3V —40°C to +85°C
Voo v —55°C to +125°C
Lead Temp. (Soldering, 10 seconds) 300°C
Power Dissipation 1w

Note: Absolute maximum ratings are those values beyond
which the safety of the device cannot be guaranteed. Con-
tinuous operation at these limits is not intended; operation
should be limited to those conditions specified under DC
Electrical Characteristics.

3.0 DC Electrical Characteristics v = 5v +10%, GND = 0V, unless otherwise specified

Symbol Parameter Test Conditions Min Typ Max Units
ViH Logical 1 Input Voltage 0.8 Voo Vee Vv
ViL Logical O Input Voltage 0 0.2 Vce \
. loy = —1.0mA 2.4 \
VoH Logical 1 Output Voltage lour = —10 pA 20V v
loL = 2mA 0 0.4 \%
VoL Logical 0 Output Voltage
loyt = 10 pA 0 0.1 \
i Input Leakage Current 0 <V|n<Vce —-10.0 10.0 pA
loL Output Leakage Current 0 <V|Nn < Vo —10.0 10.0 nA
[o%e) Active Supply Current lout = 0, twcy = 750 ns 15 20 mA
lq Quiescent Current RESET =0,RD = 1,WR =1, 10 100 pA
ALE = X,ViN=0,0rV|Nn = Ve
No Input Switching, T = 25°C
CiN Input Capacitance 4 7 pF
Cout Output Capacitance 6 10 pF
Vee Power Supply Voltage (Note 1) 2.4 5 6 \'

Note 1: Operation at lower power supply voltages will reduce the maximum operating speed. Operation at voltages other than 5V +10% is guaranteed by design,
not tested.
Icc vs. SPEED

|
MAXIMUM

/ TYPICAL
5

<

Icc—SUPPLY CURRENT (mA)

4500 3000 1500 1000 750
twey (ns)
1] 1 2 3 4

NSC 800 CLOCK SPEED* (MHz)
TL/C/5594-2

*When NSCB831 is used with NSC800
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4.0 AC Electrical Characteristics vcc = 5v £10%, GND = ov

Test NSC831-1 NSC831-3 NSC831-4
Symbol Parameter L Units
Conditions | Min | Max | Min | Max | Min | Max
tacc Access Time from ALE C_ = 150 pF 1000 400 250 ns
tAH ADO-AD?7, CE, IO/M Hold Time 100 60 30 ns
tALE ALE Strobe Width (High) 200 130 75 ns
tARW ALE to RD or WR Strobe 150 120 75 ns
tas ADO0-AD?, CE, I0/M Setup Time 100 45 40 ns
tDH Data Hold Time 150 90 40 ns
tbo Port Data Output Valid 350 320 300 ns
tos Data Setup Time 100 80 50 ns
tre Peripheral Bus Enable 320 200 200 ns
tpH Peripheral Data Hold Time 150 125 100 ns
tps Peripheral Data Setup Time 100 75 50 ns
tpz Peripheral Bus Disable (TRI-STATE®) 150 150 150 ns
tRB RD to BF Output 300 300 300 ns
tRD Read Strobe Width 400 320 220 ns
trDD Data Bus Disable 0 100 0 75 0 75 ns
tRI RD to INTR Output 320 300 300 ns
tRwA RD or WR to Next ALE 125 100 45 ns
tsg STB to BF Valid 300 300 300 ns
tsH Peripheral Data Hold With Respect to STB 150 125 100 ns
ts) STB to INTR Output 300 300 300 ns
tss Peripheral Data Setup With Respect to STB 100 75 50 ns
tsw STB Width 400 320 220 ns
tws WR to BF Qutput 340 300 300 ns
twi WR to INTR Output 320 300 300 ns
twr WR Strobe Width 400 320 220 ns
twey Width of Machine Cycle 3000 1200 750 ns
Note: Test conditions: twcy = 3000 ns for NSC831-1, 1200 ns for NSC831-3, 750 ns for NSC831-4
AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT
) S 4
TL/C/5594-3 100 pF

e
T

TL/C/5594-4
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5.0 Timing Waveforms

LE8ISN

Read Cycle (Read from Port)

10/8 10/M=00R 1
CE CE=1

I—— tan —]

wor TR =sin =

.

L
h

55555555555

Write Cycle (Write to Port)

- T ==X

AD (0-7) WW ADDRESS IN W / /// i DATA IN M
[—tas —>| [=— tay —=1 tos [ to—"
ALE i ’
!

|<- 1ARW | [ lawA ———>]

IALE
i /

e TR

Note: Diagonal lines indicate interval of invalid data.

///////////
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5.0 Timing Waveforms (continued)
Strobed Mode Input

fe——tsw ——

§T8 \
[e—tss—>=— lsu—~{

S/ S [
BF / ‘ %

ts1 ==tri
i \

o N

PORT A

ADDRESS VALID

won s> ~K_ - -~
w U TL/C/5594-7

Note: Diagonal lines indicate interval of invalid data.

Strobed Mode Output

< T i,
wan K XK ™™ X
T\ [

WA

— w tsi
. i \
— twe —= s [
BF F

™ \

ACTIVE (MODE 2) ~—1o0
OLD DATA NEW DATA

PORT ABUS —
TRI-STATE (MODE 3)

|

TL/C/5594-8
Note: Diagonal lines indicate interval of invalid data.

9-102




6.0 Pin Descriptions

The following describes the function of all NSC831 input/
output pins. Some of these descriptions reference internal
circuits.

6.1 INPUT SIGNALS

Master Reset (RESET): An active-high input on the RESET
pin initializes the chip causing the three 1/0 ports (A, B and
C) to revert to the input mode. The three ports, the three
data direction registers and the mode definition register are
reset to low (0).

Chip Enable (CEg, CEq): The CE inputs must be active at
the falling edge of ALE. At ALE time, the CE inputs are
latched to provide access to the NSC831.

Read (RD): when the RD input is an active low, data is read
from the ADO-AD?7 bus.

Write (WR): When the CE inputs are active an active low
WR input causes the selected output port to be written with
the data from the ADO-AD7 bus.

Address Latch Enable (ALE): The trailing edge (high to
low transition) of the ALE input signal latches the address/
data present on the ﬂO—AW bus, plus the input control
signals on CEp and CEj.

Power (Vgg): 5V power supply.

Ground (Vgg): Ground reference.

6.2 INPUT/OUTPUT SIGNALS

Bidirectional Address/Data Bus AD0-AD7: The lower 8
bits of the 1/0 address are applied to these pins, and
latched by the trailing edge of ALE. During read operations,
8 bits are present on these pins, and are read when RD is
low. During an 1/0 write cycle, Port A, B, or C is written with
the data present on this bus at the trailing edge of the WR
strobe.

Ports A, B, C (PA0-PA7, PB0~-PB7, PCO-PC3): These are
general purpose /0O pins. Their input/output direction is de-
termined by the contents of the Data Direction Register
(DDRs).

7.0 Connection Diagrams

Dual-In-Line Package

TL/C/5594-9

PAO—L ~ 0 Vee
2 39
o — |— PA1
RESET —: % PAG
S0 = |— PAS
Voo =1 -SL PA6
SE %—m o
il — B2 pooiiNTR
e 172 NSC831 :_; o
AE— 30 oco/5T8
00 123 pc3
AD1-:% % PBO
An2— 27 by
A3 26 g,
ADs— 25 gy
AD5 1 124 pgy
A6~ 2. pas
D7 -;% :—f PB6
Vss —PB7
Top View

*Tie pins 2, 3, and 4 to either Vg or Vss.

Order Number NSC831D or N
See NS Package Number D40C or N40A

Leadless Chip Carrier
RESET + «

PAO NC Vcc PA1 PA2 PA3 PA4

TS0 PAS
Vee PAG
%) PA7

D PCO/INTR
WR PC1/BF
NC NC

ALE PC2/STB
ADD PC3
AD1 PBO
AD2 PB1
AD3 1719 20 21 22 23 24 25 26 27 29[ PB2

AD4 ADS AD6 AD7 Vss NC PB7 PB6 PB5 PB4 PB3

NC = NO CONNECT

TL/C/5594-10

Top View

Order Number NSC831E
See NS Package Number E44A
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NSC831

8.0 Functional Description

Refer to Figure 1 for a detailed block diagram of the
NSCB831, while reading the following paragraphs.

Input/Output (1/0): The 1/0 of the NSC831 contains three
sets called Ports. There are two ports (A and B) which con-
tain 8 bits each and one port (Port C) which has 4 bits. Any
bit or combination of bits in a port may be addressed with
Set or Clear commands. A port can also be addressed as an

8.1 BLOCK DIAGRAM

55 9
— 8

o — >
WR ——> CONTROL

RD —::)—b LOGIC
10/ ———p
ALE —%»

RESET ————

|

(2-4)

ADDRESS
w0 D &orrens

ADDRESS/
(12-19) OATA
ADO-AD7 ﬁ BUFFERS
AND
LATCHES
INTERNAL
(a0) DATA
Vg = BUS

GND __’(20)

Note: Applicable pinout for 40 pin dual-in-line package within parentheses.

8-bit word (4 bits for Port C). When reading Port C, bits 4-7
will be read as ones. All ports share common functions of
Read, Write, Bit-Set and Bit-Clear. Additionally, Port A is
programmable for strobed (handshake mode input or out-
put. Port C has a programmable second function for each
bit associated with strobed modes. Table | defines the ad-
dress location of the ports and control registers.

MDR

v

HANDSHAKE
LoGIC

(1, 33-39)
e |
PAO-PA7

(21-28)
e |
PBO-PB7

29-32)

[t
e
PC0-PC3

HANDSHAKE

TL/C/5594-11

FIGURE 1




8.0 Functional Description (Continued)

8.21/0 PORTS

There are three 1/0 ports (labeled A, B and C) on the
NSC831. Ports A and B are 8-bits wide; port C is 4-bits wide.
These ports transfer data between the CPU bus and the
peripheral bus and vice versa. The way in which these trans-
fers are handled depends upon the currently programmed
operating mode.

The NSC831 can be programmed to operate in four differ-
ent modes. One of these modes (Basic 1/0) allows direct
transfer of 1/0 data without any handshaking between the
NSC831 and the peripheral. The other three modes
(Strobed 1/0) provide for timed transfers of 1/0 data with
handshaking between the NSC831 and the peripheral.

Determination of the NSC831 port’'s mode, data direction
and data is done by five registers which are under program
control. The Mode Definition Register determines in which
of the four 1/0 modes the chip will operate. Another register
(Data Direction Register) establishes the data direction for
each bit in that port. The Data Register holds data to be
transferred or that which was received. The final two regis-
ters per port allow individual data register bits to be cleared
(Bit-Clear Register) or data register bits to be set (Bit-Set
Register).

Operation during Strobed 1/0 utilizes two of the port C pins
for handshaking and one port C pin to interrupt the CPU.

8.3 REGISTERS
As indicated in the overview, programmable registers con-
trol the flow of data through the ports. Table | shows the
registers of the NSC831. All registers affecting I/0 transfers
are in the first grouping of this table.
* Mode Definition Register (MDR)
The MDR determines the operating mode for port A and
whether or not the lower 3-bits of port C will be used for
handshaking (Strobed 1/0). Port B always transfers data via
the Basic I/0 mode, regardless of how the MDR is pro-
grammed.
The four modes are as follows:

Mode 0—Basic I/0 (Input or Output)

Mode 1—Strobed Mode Input

Mode 2—Strobed Mode Output (Active Peripheral Bus)

Mode 3—Strobed Mode Output (TRI-STATE Peripheral
Bus)

The address assignment of the MDR is xxx00111 as shown
in Table |. The upper 3 “don’t care” bits are determined by
the users decode logic (chip enable address). Table Il speci-
fies the data that must be loaded into the MDR to select the
mode.

¢ Data Direction Registers (DDR)

Each port has a DDR that determines whether an individual
port bit will be an input or an output. If DDR for the port bit is
set to a 1, then that port bit is an output. If its DDR is reset to
a 0, then it is an input. The DDR bits cannot be individually
written to; the entire DDR register is affected by a write to
the DDR. Thus, all data bits written must be consistent for
all desired port bit directions.

TABLE I. 170 and Timer Address Designations

8-Bit Adg_:ess Field Designation R (Read)
76 5 4'3 2 1 o|V/OPort, Timer,etc. | W (Write)
X X x x 0 0 0 O]PortA (Data) R/W
X x x x 0 0 0 1]|PortB (Data) R/W
X Xx x x 0 0 1 0]PortC (Data) R/W
Xx X x x 0 0 1 1|NotUsed **
X X x x 01 0 O|DDR-PortA w
Xx X x x 01 0 1|DDR-PortB w
Xx x x x 01 1 O|DDR-PortC w
x x x x 0 1 1 1]Mode Definition Reg. W
Xx x x x 1 0 0 OfPortA -Bit-Clear w
x Xx x x 1 0 0 1|PortB-Bit-Clear w
x x x x 1 0 1 0]PortC-Bit-Clear W
x x x x 1 0 1 1|NotUsed **
x x x x 1 1 0 0|PortA-Bit-Set w
x x x x 1 1 0 1|PortB-Bit-Set W
x x x x 1 1 1 0]|PortC-Bit-Set w
x x x x 1 1 1 1|NotUsed **

x = don't care
LB = low-order byte
HB = high-order byte
* A write accesses the modulus register, a read the read buffer.

** A read from an unused location reads invalid data, a write does not affect
any operation of NSC831.

TABLE Il. Mode Definition Register Bit Assignments

Bit
Mode | 7§ 5 4 3 2 1 o
0 X X X X X X X 0
1 X X X X X X 0 1
2 X X X X X 0 1 1
3 X X X X X 1 1 1
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8.0 Functional Description (continued)

Any write or read to the port bits contradicting the direction
established by the DDR will not affect the port bits output or
input. However, a write to a port bit, defined as an input, will
modify the output latch and a read to a port bit, defined as
an output, will read this output latch. See Figure 2.

* Data Registers

These registers contain the actual data being transferred
between the CPU and the peripheral. In Basic 1/0, data
presented by the peripheral (read cycle) will be latched on
the falling edge of RD. Data presented by the CPU (write
cycle) will be valid after the rising edge of WR (see AC char-
acteristics for exact timing).

During Strobed 1/0, data presented by the peripheral must
be valid on the rising edge of STB. Data received by the
peripheral will be valid on the rising edge of STB. Data
latched by the port on the rising edge of STB will be pre-
served until the next CPU read or STB signal.

© Bit Set-Clear Registers

The 1/0 features of the RAM-I/O-timer allow modification of
a single bit or several bits of a port with the Bit-Set and Bit-
Clear commands. The address selected indicates whether a
Bit-Set or Clear will take place. The incoming data on the
address/data bus is latched at the trailing edge of the WR
strobe and is treated as a mask. All bits containing 1s will
cause the indicated operation to be performed on the corre-
sponding port bit. All bits of the mask with Os cause the
corresponding port bits to remain unchanged. Three sample
operations are shown in Table Ill using port B as an exam-
ple.

INTERNAL
DATA BUS WR(SET)

WR WR(CLR)

OUTPUT DATA

TABLE lll. Bit-Set and Clear Examples

Operation Clear B2 Set B4, B3
Port B SetB7 | ndBO and B1
Address xxx01101 xxx01001 xxx01101
Data 10000000 00000101 00011010
Port Pins
Prior State | 00001111 | 10001111 10001010
Next State | 10001111 | 10001010 10011010
8.4 MODES

Two data transfer modes are implemented: Basic 1/0 and
Strobed 1/0. Strobed 1/0 can be further subdivided into
three categories: Strobed Input, Strobed Output (active pe-
ripheral bus) and Strobed Output (TRI-STATE peripheral
bus). The following descriptions detail the functions of these
categories.

* Basic I/0

Basic 1/0 mode uses the RD and WR CPU bus signals to
latch data at the peripheral bus. This mode is the permanent
mode of operation for ports B and C. Port A is in this mode if
the MDR is set to mode 0. Read and write byte operations
and bit operations can be done in Basic I/0. Timing for
these modes is shown in the AC Characteristics Table and
described with the data register definitions.

When the NSCB831 is reset, all registers are cleared to zero.
This results in the basic mode of operation being selected,
all port bits are made inputs and the output latch for each
port bit is cleared to zero. The NSCB831, at this point, can
read data from any peripheral port without further set-up. If
outputs are desired, the CPU merely has to program the
appropriate DDR and then send data to the data ports.

P i)

LATCH

WR(DDR)

(DATA DIRECTION)

o MODE

WR |T.5TB
s18

INPUT
DATA LATCH

y

MODE

TL/C/5594-12

FIGURE 2
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8.0 Functional Description (continued)
® Strobed 1/0

Strobed 1/0 Mode uses the STB, BF and INTR signals to
latch the data and indicate that new data is available for
transfer. Port A is used for the transfer of data when in any
of the Strobed modes. Port B can still be used for Basic 1/0
and the lower 3-bits of port C are now the three handshake
signals for Strobed 1/0. Timing for this mode is shown in the
AC Characteristic Tables.

Initializing the NSC831 for Strobed 1/0 Mode is done by
loading the data shown in Table IV into the specified regis-
ter. The registers should be loaded in the order (left to right)
that they appear in Table IV.

TABLE IV. Mode Definition Register Configurations

PortC
Output
Latch

Port bit directions are
determined by the bits of
each port's DDR

Strobed Input | xxxxxx01 | 00000000 | xxx011 | xxx1xx

Strobed Output | xxxxx011 [ 11111111 | xxx011 | xxx1xx
(Active)

DDR DDR

Mode MDR PortA | PortC

Basic 170 XXXXXXXO0

Strobed Output | xxxxx111 [ 11111111 | xxx011 | xxx1xx

(TRI-STATE)

o Strobed Input (Mode 1)

During strobed input operations, an external device can load
data into port A with the STB signal. Data is input to the
PAO-7 input latches on the leading (negative) edge of STB,

Example Mode 1 (Strobed Input):

causing BF to go high (true). On the trailing (positive) edge
of STB the data is latched and the interrupt signal, INTR,
becomes valid indicating to the CPU that new data is avail-
able. INTR becomes valid only if the interrupt is enabled,
that is the output data latch for PC2 is set to 1.

When the CPU reads port A, address x'00, the trailing edge
of the RD strobe causes BF and INTR to become inactive,
indicating that the strobed input cycle has been completed.

* Strobed Output—Active (Mode 2)

During strobed output operations, an external device can
read data from port A using the STB signal. Data is initially
loaded into port A by the CPU writing to I/O address x'00.
On the trailing edge of WR, INTR is set inactive and BF
becomes valid indicating new data is available for the exter-
nal device. When the external device is ready to accept the
data in port A it pulses the STB signal. The rising edge of
STB resets BF and activates the INTR signal. INTR be-
comes valid only if the interrupt is enabled, that is the output
latch for PC2 is set to 1. INTR in this mode indicates a
condition that requires CPU intervention (the output of the
next byte of data).

o Strobed Output—TRI-STATE (Mode 3)

The Strobed Output TRI-STATE Mode and the Strobed Out-
put active (peripheral) bus mode function in a similar man-
ner with one exception. The exception is that the data sig-
nals on PAO-7 assume the high impedance state at all
times except when accessed by the STB signal. Thus, in
addition to its timing function, STB enables port A outputs to
active logic levels. This Mode 3 operation allows other data
sources, in addition to the NSC831, to access the peripheral
bus. Strobed Mode 3 is identical to Strobed Mode 2, except
as indicated above.

Load 00’H into H L
DDR A

Load 03'H into H L
DDRC

Load 04'H into H L
Port C Bit-Set
Register

OPERATION

STB pulses low L H

CPU reads Port A H L

Actlon Taken INTR | BF Results of Action
INITIALIZATION
Reset NSC831 H L Basic input mode all ports.
Load 01’H into H L Strobed input mode entered; no byte loads to port C

MDR after this step; bit-set and clear commands to INTR
and BF no longer work.

Sets data direction register for port A to input;
data from port A peripheral bus is available

to the CPU if the STB signal is used, other
handshake signals aren't initialized, yet.

Sets data direction register of port C; buffer full
signal works after this step and it is unaffected

by the bit-set and clear registers.

Sets output latch (PC2) to enable INTR; INTR will
latch active whenever STB goes low; INTR can be
disabled by a bit-clear to PC2.*

Data on peripheral bus is latched into port A;
INTR is cleared by a CPU read of port A or a
bit-clear of STB.

CPU gets data from port A; INTR is cleared;
peripheral is signalled to send next byte via

an inactive BF signal. Repeat last two steps until
EOT at which time CPU sends bit-clear to the
output latch (PC2).

*Port C can be read by the CPU at anytime, allowing polled operation instead of interrupt driven operation.
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8.0 Functional Description (continued)
Example Mode 2 (Strobed Output—active peripheral bus):

Action Taken INTR BF Results of Action
INITIALIZE
Reset NSC831 H L Basic input mode all ports.
Load 03'H into H L Strobed output mode entered; no byte loads to
MDR port C after this step; bit-set and clear
commands to INTR and BF no longer work.
Load FF’H into H L Sets data direction register for port A to output;
DDR A data from port A is available to the peripheral if
the STB signal is used other handshake signals
aren't initialized, yet.
Load 03'H into H L Sets data direction register of port C; buffer full
DDRC signal works after this step and it is unaffected
by the bit-set and clear registers
Load 04’H into L L Sets output latch (PG2) to enable INTR; active
Port C Bit-Set INTR indicates that CPU should send data;
Register TNTR becomes inactive whenever the CPU
loads port A; INTR can be disabled by a bit-clear
to STB.*
OPERATION
CPU writes to H H Data on CPU bus is latched into port A; INTR is
Port A set by the CPU write to port A; active BF
STB pulses low L L indicates to peripheral that data is valid;
Peripheral gets data from port A; INTR is reset
active; The active INTR signals the CPU to send
the next byte. Repeat last two steps until EOT at
which time CPU sends bit-clear to the output
latch (PC2).

*Port C can be read by the CPU at any time, allowing polled operation instead of interrupt driven operation.

¢ Handshaking Signals

In the Strobed mode of operation, the lower 3-bits of port C

transmit/receive the handshake signals (PCO=INTR,

PC1=BF, PC2=STB).

INTR (Strobe Mode Interrupt) is an active-low interrupt from
the NSC831 to the CPU. In strobed input mode, the
CPU reads the valid data at port A to clear the inter-
rupt. In strobed output mode, the CPU clears the inter-
rupt by writing data to port A.

The TNTR output can be enabled or disabled, thus
giving it the ability to control strobed data transfer. Itis
enabled or disabled, respectively, by setting or clear-
ing bit 2 of the port C output data latch (STB).

PC2 is always an input during strobed mode of opera-
tion, its output data latch is not needed. Therefore,
during strobed mode of operation it is internally gated
with the interrupt signal to generate the INTR output.
Reset clears this bit to zero, so it must be set to one to
enable the INTR pin for strobed operation.

Once the strobed mode of operation is programmed,
the only way to change the output data latch of PC2 is
by using the Bit-Set and Clear registers. The port C
byte write command will not alter the output data latch
of PC2 during the strobed mode of operation.

STB (Strobe) is an active low input from the peripheral de-

~BF

vice, signalling a data transfer. The NSC831 latches
data on the rising edge of STB if the port bit is an input
and the peripheral should latch data on the rising
edge of STB if the port bit is an output.

(Buffer Full) is a high active output from the NSC831.
For input port bits, it indicates that new data has been
received from the peripheral. For output port bits, it
indicates that new data is available for the peripheral.

Note: In either input or output mode the BF may be cleared by rewriting the

MDR.
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9.0 NSC831/883B MIL-STD-883 Class B Screening

National Semiconductor offers the NSC831D and NSC831E
with full class B screening per MIL-STD-883 for Military/
Aerospace programs requiring high reliability. In addition,
this screening is available for all of the key NSC800 periph-
eral devices.

Electrical testing is performed in accordance with
RETS831X, which tests or guarantees all of the electrical
performance characteristics of the NSC831 data sheet. A
copy of the current revision of RETS831X is available upon
request. The following table is the MIL-STD-883 flow as of
the date of publication.

100% Screening Flow

Test MIL-STD-883 Method/Condition Requirement
Internal Visual 2010B 100%
Stabilization Bake 1008C 24 Hrs. @ +150°C 100%
Temperature Cycling 1010C 10 Cycles —65°C/ +150°C 100%
Constant Acceleration 2001E 30,000 Gs, Y1 Axis 100%
Fine Leak 1014 AorB 100%
Gross Leak 1014C 100%
Burn-In 1015 160 Hrs. @ +125°C (using 100%
burn-in circuits shown below)
Final Electrical +25°C DC per RETS831X 100%
PDA 5% Max
+125°C AC and DC per RETS831X 100%
—55°C AC and DC per RETS831X 100%
+25°C AC per RETS831X 100%
QA Acceptance 5005 Sample per
Quality Conformance Method 5005
External Visual 2009 100%
10.0 Burn-In Circuit 11.0 Timing Diagram
5242HR Input Clocks
NSC831AD/883B (Dual-In-Line)
5.5 Vg 28 8 us 28
10 45( -
AMA 1 40 =AAA— CLOCK 1
AA o —
WA 2 3 [~ s
A 8 us 248
51 VWA 3 38 \'2% 45V =
CLOCK 1 AMN—] 4 31 VWA CLOCK 2 t-
VW 5 36 VW o —
MA—] 6 35 A —¢ 38 |3 4s 708
7 34 [=AAA—Q 4.5V
VWA~ 8 33 }-AAA CLOCK 3
CLOCK 2 CLVVYNE 2 VWA w
VA 10 a1 - S s
CLOCK 3 Saan— 11 30 A
A 12 29 [—AAA 104
VW—] 13 28 A TL/C/5594-14
VWA 14 27 =AAA
'AVA 15 26 'A'A
VAVA 15 25 VAVA
17 2 VWA Note 1: All resistors +5%, 1/, watt unless otherwise designated, 125°C op-
VW] 18 23 VWA erating life circuit.
A 19 2 AW Note 2: E package burn-in circuit 5244HR is functionally identical to the D
20 21 package.
= Note 3: All resistors 2.7 k2 unless marked otherwise.

TL/C/5594-13

Note 4: All clocks OV to 4.5V.
Note 5: Device to be cooled down under power after burn-in.
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12.0 Ordering Information
NSC831 X X X X

| /A + =A + Reliability Screening
/883 =MIL-STD-883 Screening (Note 1)
I=Industrial Temperature (-40°C to +85°C)
M =Military Temperature (-55°C to = +125°C)
No Designation = Commercial Temperature (0°C to +70°C)
-1=1 MHz Clock Output

—3=2.5 MHz Clock Output
-4 =4 MHz Clock Output

D =Ceramic Package
N =Plastic Package
E = Ceramic Leadless Chip Carrier (LCC)

Note 1: Do not specify a temperature option: all parts are screened to military temperature.

13.0 Reliability Information (NSC831)

Gate Count 1900
Transistor Count 7400

TL/C/5594-15
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A National Semiconductor

NSC888

D

e A A
PRA 22 N

microCMOS

NSC800™ Evaluation Board

NSC800 8-Bit microCMOS CPU
Executes Z80® Instruction Set

20 programmable parallel 1/0 lines
Two 16-Bit programmable
counters/timers

Powerful 2k x 8 monitor program
Five levels of vectored prioritized
interrupts

m RS232 Interface

TL/C/8533-1

B 1k x 8 microCMOS RAM with sockets for
up to 4k x 8 RAM

Socket for additional 2k x 8, 2716
compatible memory component

Wire wrap area

Edge connectors for system expansion
Single-step operation mode

Fully assembled and tested

B

BEEO

Product Overview

The NSCB888 is a self-contained microprocessor
board which enables the user to quickly evaluate the
performance and features of the NSC800 product
family. This fully assembled, tested board requires
only the addition of a =5V supply and an RS232 inter-
face cable to the user's terminal to begin NSC800
evaluation.

A powerful system monitor is provided on the board
which controls serial communications via the RS232
port. The monitor also includes command functions to
load, execute and debug NSC800 programs.

The board includes an NSC800 CPU plus RAM,
EPROM, 1/0, Timers and interface components yet
draws only 30 mA from the +5V supply and 3 mA
from the —5V supply.

Although designed primarily as an assessment vehi-
cle, the NSC888 can be readily programmed and
adapted to a variety of uses. Wire wrap area is provid-
ed on-board for the user to build up additional circuitry
or interfaces, thus tailoring this high-performance, low-
power microprocessor board to meet individual needs.
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NSC888

Functional Description

Figure 1 and Figure 2 provide information on the orga-
nization of the NSC888 board. Please refer to these
figures for the following discussion.

Central Processor

The powerful NSC800 is the central processor for the
NSC888. It provides bus control, clock generation and
extensive interrupt capability. Featuring a multiplicity
of programmable registers and sophisticated address-
ing modes, the NSC800 executes the Z80 instruction
set.

Memory

* 128 bytes of RAM are provided by the NC810A
RAM-1/O-Timer and are used by the monitor pro-
gram for the system stack.

® 1024 bytes of RAM are provided by two 1k x 4
NMC6514’s. Sockets are provided for six additional
NMC6514’s, for a total of 4k bytes of RAM.

* A 2k byte EPROM system monitor is provided on-
board which includes facilities to load, execute and
debug a users program.

Block Diagram
EXTERNAL
CONTROL
8uUs A(8-15)
NSC800
_ cPU
S
il
SINGLE
STEP
MODE
810 PA(0-7) ADDRESS

PARALLEL | TIMERS ] Nsca10
e swrcos]
TIMERS TIMER ADDR/DATA

810 PB(1.6)
PBO-PB7

® An additional EPROM socket is also on-board which
accepts a 2k byte 2716 compatible memory compo-
nent.

Input/Output
® Parallel 1/0

The NSC888 provides 20 programmable parallel I/0
lines implemented using the 1/O ports of the
NSC810A RAM-I/O-Timer. The port bits may be in-
dividually defined as input or output, and can also be
written to or read from in bytes. The I/0 lines are
conveniently brought to a 50 contact edge connec-
tor for user interface.

® Serial 1/0

An RS232 connector and accompanying support cir-
cuitry are provided on-board. Two I/0 lines from the
NSC810A RAM-I/O-Timer are used for the serial
communications function, which is controlled exclu-
sively by software. The baud rate is determined
upon system initialization by the character bit rate
from the users terminal. The maximum baud rate is
2400 baud.

RIW
MEMORY

AD(07) 4Kx8

ADDRESS aK
READ
ONLY

ADDR/DATA MEMORY

DEMUL-
TIPLEXER
82PC12

DATA
RECEIVE
et

COMMUNI-
CATION v
INTERFACE DATA
XMIT

TL/C/8533-2

FIGURE 1

9-112




Functional Description (Continued)
Timers

The NSC888 provides two fully programmable binary
16-bit counters/timers utilizing the NSC810A RAM-I/
O-Timer. These signals are also brought to the paral-
lel 170 connector. Each timer may operate in any of
six different modes:

e Event Counter

¢ Accumulative Timer

o Restartable Timer

@ One Shot

e Square Wave

® Pulse Generator

Connectors

® Parallel 170
The parallel 1/0 lines and timer lines from the
NSC810A RAM-I/O-Timer, plus interrupt lines from
the CPU are brought to this 50 contact edge con-
nector.

© System Bus

All NSC800 CPU lines except XIN are brought to this
86 contact edge connector. In addition, the —5V line
is also brought to the system bus connector.

© RS232

This connector is provided for system interface to
the users terminal.

Interrupts

The NSC888 utilizes the powerful interrupt processing
capability of the NSC800 CPU. Interrupts are routed
via a jumper matrix to the five interrupt inputs of the
NSC800. Each input, which may be from the
NSC810A 1/0 ports, NSC810A timers or off board via
the system bus connector, generates a unique memo-
ry address (see Table ). All interrupts with the excep-
tion of NMI can be masked via software. Interrupt
lines are also brought to the parallel I/0 connector.

TABLEI.
Interrupt Memory -
Input Address Type Priority

NMI 0066H Non-maskable Highest

RSTA 003CH Maskable

RSTB 0034H Maskable

RSTC 002CH Maskable

INTR 0038H* Maskable Lowest
*mode 1
NSC888 Firmware

The NSC888 system monitor is provided by a prepro-
grammed EPROM. This comprehensive monitor in-
cludes facilities to load, execute and debug programs.
The monitor allows the user to examine and modify
any RAM memory location or CPU register. It permits
the insertion of break points to facilitate debugging.
Programs can be executed starting at any location.

The commands supported by the NSCB888 system
monitor are as follows:

° B - Select a new baud rate

o D - Display memory

o F - Fill memory between ranges

o G - Execute program with break points
© H - Hexadecimal math routine

o J - Non-destructive memory test

o K - Store 16-bit value in memory

° M- Move a block of data

o P - Put ASCII characters in memory

° Q- Query I/0 ports

o S - Substitute and/or examine memory
o T - Type memory contents in ASCII
oV - Verify two blocks of data

o X - Examine or modify CPU registers
oY - Memory search for string

These commands are fully explained in the NSC888
Hardware/Software Users Manual.
Single Step/Power Save

The NSCB888 provides a unique single-step mode, uti-
lizing the Power Save input of the NSC800 CPU. This
input, when activated, reduces CPU power consump-
tion from 50 mW to only 25 mW. It also allows the user
to single-step through a program, checking and modi-
fying code. This function is controlled via a switch on
the board.

Specifications
Microprocessor

CPU— NSC800
Data Word— 8 bits
Instruction Word— 8, 16, 24, 32 bits
Cycle Time— 2.00 ps (minimum instruction
time)
System Clock— 2.00 MHz
Registers— 14 general purpose (8-bit)
2 index registers (16-bit)
1 stack pointer (16-bit)
1 program counter (16-bit)
Number of
Instructions— 158
Address
Capability— 64k bytes
Memory
RAM— 1152 bytes on-board plus
sockets for an additional 3k
bytes
ROM/EPROM— Sockets for 4k bytes
on-board
Access Time— 625 ns for opcode fetch

875 ns for memory read
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Specifications (Continued) Order Information
Connectors NSC888 Includes CPU, 1152 bytes of
System Bus 86-pin double-sided card . RAM, sockets for additional
cage edge connector on 3k bytes of RAM, 2k byte
0.156 inch centers monitor with additional socket
Parallel 1/0 50-pin double-sided edge for 2k byte ROM/EPROM, 20
connector on 0.1 inch centers 170 lines, RS232 interface,
Recommended mating wire wrap area.
connector:

Serial I/0
Power

Physical
Height
Width

3M 3415-0001 Documentation

The NSC888 Hardware/
AMP 2-86792-3 Software Users Manual and
Standard RS232 connector NSC800 Microprocessor
+5V 30 mA (27C16 EPROM Family Handbook are shipped
monitor) or 90 mA (2716 with the NSC888 Evaluation
EPROM monitor) Board
—5V3mA
6.75 (17.15 cm)
7.85(19.94 cm)

PARALLEL1/0 NSCB10 NSC800

CONNECTOR RAM-170-TIMER aMHz  CPU

CRYSTAL

S

WIREWRAP RESET
AREA Ve

‘ A singe sep
AUN
+ POWER SAVE

~

SINGLE STEP

"NEPROM
SOCKET
SYSTEM ¢ MONT
INTERFACE
COMPONENTS §

48

NMCB514
1k x 4 RAM

SYSTEM BUS NMCe614 NMC6514  NMC6514
CONNECTOR SOCKETS Tkx4RAM  SOCKETS
TL/C/8533-3

FIGURE 2. NSC888 Evaluation Board
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Comparison Study NSC800 vs.

8085/80C85 Z80®/Z280 CMOS

Introduction

The NSCB800 is an 8-bit parallel processor with a Z80 com-
patible instruction set manufactured using National’s micro-
CMOS process. This process combines the speed of silicon
gate NMOS with the low power inherent to CMOS.

The NSC800 has a 16-bit address bus which consists of the
upper eight address bits (A8-A15) and the lower eight ad-
dress bits (ADO-AD?7). Address bits AO-A7 are time multi-
plexed on the 8-bit bidirectional address/data bus (ADO-
AD?7).

There are several advantages to using a multiplexed ad-
dress/data bus. Multiplexing frees pins on the CPU and pe-
ripheral packages for other purposes, such as status out-
puts, DMA control lines, and multiple interrupts. This can
reduce system component count. Fewer bus signal lines are
required for device interconnections in most applications
(16 lines for multiplexed bus systems vs. 24 lines for non-
multiplexed systems). This reduces PC board complexity.

Peripherals of the NSC800 Family include:
NSC810A RAM 1/0 Timer
NSC831 1/0
NSC858 UART

In addition to the above parts, a complete family of low pow-
er speed compatible logic and interface parts is also avail-
able.

NSC800 vs. 8085

In terms of bus structure, the NSC800 is similar to the 8085.
Both processors utilize a multiplexed bus and timing rela-
tionships are approximately the same. The 8085 does not
guarantee that output data on ADO-AD7 are valid on both
the leading and trailing edges of WR. For the NSC800, data
are valid on both the leading and trailing edges of WR.

Both the NSC800 and the 8085 use ALE, S0, S1, and I0/M
to indicate status. The lower eight address bits are guaran-
teed to be valid on the data bus at the trailing edge (high to
low transition) of ALE (Address Latch Enable). This signal is
used by the external system components to separate the
address and data buses. When the only components uti-
lized in the system are members of the NSC800 family
(which contain on-chip demultiplexers), ALE needs only to
be connected to the enable inputs. If non-NSC800 family
components are used, ALE can be used to enable an 8-bit
latch to perform the function of bus separation.

Decoding status bits SO and S1, in conjunction with 10/M,
notifies the external system of the type of the ensuing M
cycle. TABLE | shows a truth table of the encoded informa-
tion. During a halt status the NSC800 will continue to refresh
dynamic RAM.

2802 is a regi of Zilog C

TABLE I
Machine Cycle Status - NSC800 and 8085
S0 S1 10/M Status
1 0 0 Memory Write
0 1 0 Memory Read
1 0 1 1/0 Write
0 1 1 1/0 Read
1 1 0 Opcode Fetch
0 1 0 Bus Idle*
0 0 0 Halt

*ALE not suppressed during Bus Idle

Direct Memory Access (DMA) control signals BREQ and
BACK of the NSC800 perform the same functions as HOLD
and HLDA on the 8085. The NSC800 allows simple wire
ORing by using active low states for the DMA control sig-
nals. An active low on the BREQ (Bus Request) line, tested
during the last T state of the current M cycle, initiates a
DMA condition. The NSC800 will then respond with an ac-
tive low BACK (Bus Acknowledge) signal causing the ad-
dress, data and control buses (TRI-STATE® circuits) to go
to the high impedance state, and notifies the interrupting
device that the system bus is available for use. There is a
difference in the timing relationship between these functions
for the two processors. The 8085 responds with HLDA, one-
half T state after it recognizes HOLD. The NSCB800 re-
sponds with BACK, one T state after it recognizes BREQ.

During Input/Output cycles for peripherals, the NSC800 au-
tomatically inserts one wait state. This reduces the external
hardware required for slow peripherals. The 8085 does not
insert its own wait state during these /0 cycles. When they
are needed, the 8085 user must design his system to con-
tain the additional hardware required to do the wait state
insertion. When more than one wait state is required, addi-
tional wait states can be added to the I/0 cycles in a similar
way on both the NSC800 and the 8085. On the NSC800,
this is accomplished by bringing the WAIT control signal
active low during T2 of an I/0 or memory cycle. The 8085 is
controlled in the same way through the use of the READY
line.

The NSCB800 instruction set is Z80 compatible and more
powerful than the 8085’s. The NSC800 does not support
the RIM and SIM instructions of the 8085 (RIM and SIM can
be emulated with I/0 instructions), but has an improved in-
struction set for enhanced system performance. The
NSC800 has two functions, RFSH and PS, instead of the
two serial 1/0 lines SOD and SID. RFSH (Refresh) is a
status signal which indicates that an eight bit refresh ad-
dress is present on the address/data bus (ADO-AD7). The
refresh address occurs during T3 of each M1 (opcode fetch)
cycle. The internal refresh counter is incremented after
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Comparison Study NSC800 vs. 8085/80C85 Z80/Z80 CMOS

each instruction cycle. This counter output can be employed
by the user’s dynamic RAM refresh circuits. The PS (Power
Save) control input, when active, causes the CPU to stop all
internal clocks at the end of the current instruction, which
reduces power consumption. The on-chip oscillator and
CLK remain active for any required external timing. The
NSC800 leaves all buses unchanged during this time, which
has the effect of reducing power consumption on other

CMOS parts in the system since the buses are not changing
states. All internal registers and status conditions are main-
tained, and when PS subsequently goes high, the opcode
fetch cycle begins in a normal fashion.

TABLE |l indicates the major differences between the
NSC800 and the 8085 presented in tabular form for quick
reference.

TABLE Il.
NSC800 vs. 8085/80C85 Comparison
item NSC800 8085 80C85
Power Consumption 50 mW @ 5V 850 mW @ 5V 50 mW @ 5V
Bus Drive Capacity 1std. TTL 1std. TTL 1std. TTL
(100 pF) (100 pF) (150 pF)

Dynamic RAM Refresh Counter Yes, 8-bit No No
Automatic WAIT State on /0 Yes No No
Number of instruction types 158 80 80
Number of Programmer

Accessible Registers 22 10 10
Block 1/0 and Search Yes No No

NSC800 vs. Z80/Z80 CMOS

The NSC800 contains the same complement of internal reg-
isters as the Z80 and maintains instruction set and opcode
compatibility.

Machine cycle timing for the standard speed version of the
NSC800 compares directly with the Z80. Although the soft-
ware execution speeds are comparable, the NSC800 offers
architectural advantages.

The bus structures of the NSC800 and the Z80 are quite
different. The NSC800 uses a multiplexed address/data
bus. The Z80 has separate address and data buses. As
stated earlier, the separate bus structure requires additional
signal lines for interconnection and gives up some package
pins which could be used for other purposes.

The main differences between the NSC800 and the Z80, in
addition to the bus structures, are the refresh counter, on-
chip clock generation, and the interrupt capability.

1. The NSCB800 contains an 8-bit refresh counter as op-
posed to a 7-bit refresh counter in the Z80. (This enables
refresh of a 64K dynamic RAM system memory). The re-
fresh timing of the NSCB800 is functionally identical to that
of the Z80.

2. The on-chip clock generation reduces the system compo-
nent count. In place of an external clock generator chip,
the NSCB800 needs only a crystal or RC circuit to produce
the system clock.

3. The NSCB800 provides three interrupts that are not avail-
able on the Z80: RSTA, RSTB, RSTC. This gives the
NSCB800 five levels of vectored, prioritized interrupts with
no external logic. The general purpose interrupt (INTR)
and Non-maskable Interrupt (NMI) are identical to the
Z80. INTR has the same three modes of operation in
both processors: Modes 0, 1, and 2. Upon initialization,
the NSC800 is in mode 0 to maintain 8080 code compati-
bility. NMI, when active, causes a restart to location X’66
as is the case with the Z80. Being a non-maskable inter-
rupt, NMI cannot be disabled. The additional interrupts
RSTA, RSTB, and RSTC cause restarts to locations
X'3C, X34, and X'2C respectively. The priority levels of
the five interrupts are: NMi (highest), RSTA, RSTB,
RSTC, and INTR (lowest). For the NSC800, Interrupt ac-
knowledge (INTA) is provided on a dedicated output pin
and need not be decoded externally, as is the case with
the Z80. With the status outputs (S0, S1, I0/M), early
read/write information is obtainable. This is impossible to
derive from the Z80.

Refer to TABLE Ill for comparison of the major differenc-
es between the NSC800 and the Z80.

TABLE Il
NSC800 vs. Z80/Z80 CMOS Comparison
Item NSC800 Z80 Z80 CMOS
Power Consumption 50 mW @ 5V 750 mW @ 5V 75mW @ 5V
Instruction Execution 1pus 1ps 1ps
(Minimum)
On-Chip Clock Generator Yes No No
Number of On-Chip Vectored
Interrupts 5 2 2
Early Read/Write Status Yes No No
Dynamic RAM Refresh Counter Yes, 8-bit Yes, 7-bit Yes, 7-bit
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NSC800 Family Devices
(microCMOS)

MM82PC08 8-Bit Bidirectional Transceiver
MMB82PC12 Input/Output Port

Note: The above devices are pin for pin and function compatible with the
standard TTL, CMOS or NMOS versions currently available.

SUMMARY

National’s NSC800 has a Z80 compatible instruction set,
which is more powerful than the 8085. NSC800 external
hardware requirements are less because of on-chip auto-
matic wait state insertion, clock generation and five levels of
vectored prioritized interrupts.

The 8085 and the NSCB800 have similar bus structures, and
timing. The key advantages of the NSC800 over the 8085
are the larger instruction set, more registers accessible to
programmers, low power consumption, and a dynamic RAM
refresh counter.

The main advantages of the NSC800 compared to the Z80
are the multiplexed address/data bus, an 8-bit refresh coun-
ter for dynamic RAMs, on-chip clock generation, and five
interrupts. The speed of the NSC800 and Z80 is the same
but, the NSC800 has very low power consumption.
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Software Comparison NSC800 vs. 8085 Z80

Software Comparison NSC800 vs. 8085, Z80®

Introduction

The NSCB800 is an 8-bit parallel microprocessor fabricated
using National’s microCMOS process. This process allows
fabrication of a microprocessor family that has the perform-
ance of silicon gate NMOS along with the low power inher-
ent to CMOS. The NSC800 instruction set is a superset of
the 8080’s instruction set. It comprises over 900 operation
codes falling into 158 instruction types. The instruction cate-
gories are:

| Load and Exchange

W Arithmetic and Logic

m Rotate and Shift

® Jump and Call

= Input/Output

W Bit manipulation (set, test, reset)

m Block Transfer and Search

m CPU control

The load instructions allow the movement of data into and
out of the CPU, between internal registers, plus the capabili-
ty to load immediate data into internal registers. The ex-
change instructions allow swapping of data between two
registers.

The arithmetic and logic instructions operate on the data in
the accumulator (primary working register) and in the other
registers. Status flags are set or reset depending on the
result of the particular operation executed. This group in-
cludes 8-bit and 16-bit operations.

The rotate and shift instructions allow any register or memo-
ry location to be rotated or shifted, left or right, with or with-
out carry. These can be either an arithmetic or logic type.

The jump and call group includes several different types:
one byte calls, two byte relative jumps, conditional branch-
ing, and three byte calls and jumps, which can reach any
location in memory. Calls push the current contents of the
Program Counter onto the stack before branching to the
new program address to facilitate subroutine execution.

Input/Output instructions allow communications between
the NSC800 and external peripheral devices. There are 255
(location X'BB is used for an interrupt mask) unique periph-
eral 1/0 locations available to the NSC800. I/0 instructions
can move data between any memory location or internal

register and any 1/0 location. There are also block I/0 in-
structions which allow moving data blocks of up to 256
bytes directly from memory to any peripheral location or
from any peripheral location to a block of memory.

Bit manipulation instructions can set, test or reset any bit in
the accumulator, any general purpose register or any mem-
ory location.

The block transfer instructions allow a single instruction to
move any size block of memory to any other location in
memory. Through the use of the block search instructions,
any size block of memory can be searched for a particular
byte of data.

Finally, the CPU control group allows user control over the
various modes of CPU operation, such as enabling and dis-
abling interrupts or setting modes of interrupt response.
The following sections will compare the instruction set of
the NSC800 with those of the 8085 and the Z80.

NSC800 vs. 8085

The 8085 instruction set consists of 246 op codes falling
into 80 instruction types. With the exception of RIM and
SIM, the NSC800 is instruction and op code compatible with
the 8085. The RIM and SIM instructions are not supported
because the NSC800 does not have the SID and SOD serial
170 lines. The interrupt mask on the NSC800 is accessible
by writing the mask word to 170 location X’BB. The bit posi-
tions for the interrupt enables are shown below:
Location X’BB Bit Assignments
Interrupt Enable for

N/A

N/A

N/A

N/A
ST,
ST

@
=

|

|
>

|
i

i

by
77
=
o

O =N WwhHrOON

Z|
|
2|

N/A = not used: a don't care bit.
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As an example, to enable interrupts on the RSTA input, a
logic ‘1" is written into bit 3 of 1/0 location X’BB. If the mas-
ter interrupt enable has been set by executing the Enable
Interrupt (El) instruction, interrupts will now be accepted on
RSTA only.

Other than the method of enabling and disabling individual
interrupts and the RIM and SIM instructions themselves, the
NSCB800 instruction set is a superset of the 8085's instruc-
tion set.

The following benchmark demonstrates the code reduction
and throughtput improvement obtained by using one of the
special NSC800 instructions over the same function imple-
mented with the limited 8085 instruction set. The function is
to move a 512-byte block of data from one section of mem-
ory to another.

8085
Bytes Mnemonics Cycles
3 LXI  H,SOURCE 10
3 LXI D,DEST 10
3 LXI  B,COUNT 10
1 LOOP: MOV AM 7
1 STAX D 7
1 INX H 6
1 INX D 6
1 DCX B 6
1 MOV AC 4
1 ORA B 4
3 JNZ LOOP 10
Total: 19 Total: 80
NSC800
Bytes Mnemonics Cycles
3 LD HL,SOURCE 10
3 LD DE,DEST 10
3 LD BC,COUNT 10
2 LDIR 21
Total: 11 Total: 51

The use of the LDIR instruction of the NSC800 results in a
47.5% increase in throughput and a 42% decrease in the
number of bytes required to implement the function when
compared with the 8085 implementation. The time required
to make the move is approximately 2.69 ms for the NSC800
and approximately 5.12 ms for the 8085. Note that even
though the 8085 runs at a faster cycle time (200 ns vs. 250
ns), the improved instruction set of the NSC800 produces
an increase in system performance.

The NSCB800 includes all 8085 flags plus some additional
flags. The flag formats for the NSC800 and 8085 are:

NSCB800 Flags (280 Flags)
7 6 5 4 3 2 1 0
X H X P/V N C
8085 Flags

7 6 5 4 3 2 1 0
AC X P X CcY

The differences between the flag registers on the NSC800
and the 8085 are identified below:

1. Bit position D1 (additional on the NSC800) contains an
add/subtract flag that is used internally for proper operation
of BCD instructions.

2. In the NSC800, the P/V flag will not match the 8085’s P
flag after an 8-bit arithmetic operation, since it acts as an
overflow bit for the NSC800, but acts as a parity bit for these
operations in the 8085.

3. Bit position D2 (changed for the NSC800) is a dual pur-
pose flag; it indicates the parity of the result in the accumu-
lator when logical operations are performed and also repre-
sents overflow when signed two’s complement arithmetic
operations are performed. An overflow occurs when the re-
sult of a two’s complement operation within the accumulator
is out of range.

4. For general Compare operations, the NSC800 uses the
P/V flag as an overflow bit, while the 8085 uses the P flag
for parity.

5. The H flag (bit position D4) on the NSC800 is functionally
the same as the auxiliary carry on the 8085.

6. For Double Precision Addition, the NSC800 leaves the H
flag undefined, while the 8085 does not affect the AC flag
for this operation (DAD).

7. For Rotate operations, the NSC800 resets the H flag,
while the 8085 leaves the AC flag unaffected for these oper-
ations.

8. When Complementing the Accumulator, the NSC800 sets
the H flag (H = 1), while the 8085 leaves the AC flag unaf-
fected.

9. When Complementing Carry, the NSC800 leaves the H
flag undefined, while the 8085 leaves the AC flag unaffect-
ed.

10. When Setting the Carry, the NSC800 clears the H flag
(H = 0), while the 8085 leaves the AC flag unaffected.

NSC800 vs. Z80

The instruction set and op codes of the NSC800 are identi-
cal to those of the Z80. Software written for the Z80 will run
on the NSC800 without change, unless 1/0 location X'BB is
used. Another location should be assigned since location
X'BB is an on-chip write-only register used for the interrupt
mask. Since the NSC800 executes code at the same cycle
time as the Z80, any software timing loops will also remain
the same, and no change is necessary. The NSC800 ex-
panded interrupt capability is transparent to the user unless
specifically evoked by the user software.

The NSCB800 has 8-bit refresh rather than the 7-bit refresh
scheme of the Z80. Therefore, the state of the 8th bit will be
indeterminate since it is part of the R Register and so includ-
ed in refresh operations.

The status flags on the NSC800 are identical to those on
the Z80. There is no difference between the positions of the
individual bits in the flag register, nor in the manner in which
the flags are set or reset due to an arithmetic or logical
operation. Testing of the flags is also the same.

9-119

08Z 5808 "SA 008ISN uosiiedwo) aiemyos







Section 10

Physical Dimensions/
Appendices




Section 10 Contents
Glossary of Terms
Physical Dimensions
Bookshelf
Distributors

10-2




Glossary

In our efforts to be concise and precise, we often invent new words or acronyms to use as shorthand representations of “‘things”
that require much longer names if the jargon is not used. Being humans, we then become very impressed with our ability to
exclude those not in “the know” and another “in” group is formed. This glossary has been developed to help bridge this
language gap. We know it will help. We hope you will use it.

Abort—The first step of recovery when an instruction or its operand(s) is not available in main memory. An Abort is initiated by
the Memory Management Unit (MMU) and handled by the CPU.

Absolute Address—An address that is permanently assigned to a fixed location in main memory. In assembly code, a pattern
of characters that identifies a fixed storage location.

Access Time—The time interval between when a request for information is made and the instant this information is available.
Access Class—The five Series 32000 access classes are memory read, memory write, memory read-modify-write, memory
address, and register address. The access class informs the Series 32000 CPU how to interpret a reference to a general
operand. Each instruction assigns an access class to each of it two operands, which in turn fully defines the action of any
addressing mode in referencing that operand.

Accumulator—A register which stores the result of an ALU operation.

Ada—A high level language designed for the Department of Defense. It gives preference to full English words. It is meant to be
the standard military language.

Address—An expression, usually numerical, which designates a specific location in a storage or memory device.

Address-Data Register—A register which may contain either address or data, sometimes referred to as a general-purpose
register.

Address Strobe—Control signal used to tell external devices when the address is valid on the external address bus.
Address Translation—The process by which a logical address emanating from the CPU is transformed into a physical address
to main memory. This is performed by the Memory Management Unit (MMU) in Series 32000 systems. Logical address to
Physical address mapping is established by the operating system when it brings pages into main memory.

Addressing Mode—The manner in which an operand is accessed. Series 32000 CPUs have nine addressing modes: Register,
Register Relative, Memory Relative, Immediate, Absolute, External, Top-of Stack, Memory Space, and Scaled Indexing.
Algorithm—A set of procedures to which a given result is obtained.

Alignment—The issue of whether an instruction must begin on a byte, double byte, or quad byte address boundary.

ALU—Arithmetic Logic Unit. A computational subsystem which performs the arithmetic and logical operations of a digital
system.

Array—A structured data type consisting of a number of elements, all of the same data type, such that each data element can
be individually identified by an integer index. Arrays represent a basic storage data type used in all high-level languages.
ASCIl—(American National Standard Code for Information Interchange, 1968). This standard code uses a character set gener-
ally coded as 7-bit characters (8-bits when using parity check). Originally defined to allow human readable information to be
passed to a terminal, it is used for information interchange among data processing systems, communication systems, and
associated equipment. The ASCII set consists of alphabetic, numeric, and control characters. Synonymous with USASCII.
Assemble—To prepare a machine language program (also called machine code or object code) from a symbolic language
program by substituting absolute operation codes for symbolic operation codes and absolute or relocatable addresses for
symbolic addresses. Machine code is a series of ones and zeros which a computer “understands”.

Assembler—This program changes the programmer’s source program (written in English assembly language and understand-
able to the programmer) to the 1’s and 0's that the machine “understands”. In particular, the Assembler converts assembly
language to machine code. This machine code output is called the OBJECT file.

Assembly Language—A step up in the language chain. This is a set of instructions which is made up of alpha numeric
characters which, with study, are understandable to the programmer. Different type of machines have different assembly
languages, so the assembly language programmer must learn a different set of instructions each time s/he changes machine.
Associative Cache—A dual storage area where each data entry has an associated “tag” entry. The tags are simultaneously
compared to the input value (a logical address) in the case of the MMU, and if a matching tag is found, the associated data entry
is output. An associative cache is present within the MMU in Series 32000 systems to provide logical-to-physical address
translation.

Asynchronous Device—A device in which the speed of operation is not related to any frequency in the system to which it is
connected.

BASIC—This acronym stands for Beginner's All-purpose Symbolic Instruction Code. BASIC is one of the most “English like” of
the high level languages and is usually the first programming language learned.

Baud Rate—Data transfer rate. For most serial transmission protocols, this is synonymous with bits-per-second (bps).
BCD—Binary Coded Decimal. A binary numbering system for coding decimal numbers. A 4-bit grouping provides a binary value
range from 0000 to 1001, and codes the decimal digits 0" through “9”. To count to 9 requires a single 4-bit grouping; to count
to 99 takes two groupings of 4 bits; to count to 999 takes three groupings of 4 bits, etc.

Benchmark—In terms of computers, this refers to a software program designed to perform some task which will demonstrate
the relative processing speed of one computer versus another.
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Glossary

Glossary (continued)
Bit—An abbreviation of “binary digit”. It is a unit of information represented by either a one or a zero.

Bit Field—A group of bits addressable as a single entity. A bit field is fully specified by the location of its least significant bit and
its length in bits. In Series 32000 systems, bit fields may be from one to 32 bits in length.

Branch—A nonsequential flow in a software instruction stream.

Breakpoint—A place in a routine specified by an instruction, instruction digit, or other condition, where the software program
flow will be interrupted by external intervention or by a monitor routine.

Buffer—An isolating circuit used to avoid reaction of a driven circuit on the corresponding driver circuit. Buffers also supply
increased current drive capacity.

Bus—A group of conductors used for transmitting signals or power.

Bus Cycle—The time necessary to complete one transfer of information requiring the use of external address, data and control
buses.

Byte—Eight bits.

Byte Enable—BEO to BE3. CPU control signals which activate memory banks, each bank providing one byte of data per
address.

C—A highly structured high level language developed by Bell Laboratories to optimize the size and efficiency of the program.
This language has gained much popularity because it allows the programmer to get close to the hardware (low level) as well as
being a high level language. Before C, the programmer who had to address the hardware had to use assembly language or
machine code.

Cache—See Associative Cache.

Cache Hit—In the MMU, logical-to-physical address translation takes place via the associative cache. For this to happen, the
addressed page must be resident in physical memory such that a logical address tag is present in the MMU’s translation cache.

Cache Miss—When a logical address is presented to the MMU, and no physical address translation entry is found in the MMU’s
associative cache.

Cascaded—Stringing together of units to expand the operation of the unit. Interrupt Control Units present in a Series 32000
system which are in addition the Master ICU are referred to as “cascaded” ICUs; i.e., interrupts cascade from a second-level
ICU through the master ICU to the CPU.

Clock—A device that generates a periodic signal used for synchronization.

Clock Cycle—After making a low-to-high transition, the clock will have completed one cycle when it is about to make another
low-to-high transition. This time is equal to 1/f where f = the clock frequency.

COBOL—This acronym stands for “Common Business Oriented Language”. It is a language especially good for bookkeeping
and accounting.

COFF-COMMON OBJECT FILE FORMAT is a standard way of constructing files developed by AT&T for the express purpose of
making all files similar. This will help reduce the situation where large files developed by one organization won’t run on another
organization’s equipment simply because the software interfaces are different. It provides a great potential for savings in both
time and money.

Compile—To take a program written in a High-Level Language such as C, Pascal, or FORTRAN and convert it into an object-
code format which can be loaded into a computer’s main memory. During compilation, symbolic HLL statements, called source
code, are converted into one or more machine instructions which the CPU “understands”. A compiler also calls the assemble
function.

Compiler—The program that converts from Source to Machine Code. The conversion is from a particular high level language to
machine code. For example, the C compiler will convert a C source program written by a programmer to machine code. This
machine code output is in the same format as that of the assembler and is also called an OBJECT file.

CPU—Central Processing Unit. The portion of a computer system that contains the arithmetic logic unit, register file, and other
control oriented subsystems. It performs arithmetic operations, controls instruction processing, and provides timing signals and
other housekeeping operations.

Cross Support—The alternative to using a “Native” development like SYS32 to develop your programs is to use Cross Support
software. “Native” means that the CPU in the development system is the same as the CPU in the system being developed.
Cross support software is all of the necessary programs for development that operate on one CPU, but generate code for
another CPU. Use of the VAX to generate Series 32000 code is a good example of cross support.

Demand-Paged Virtual Memory—A virtual memory method in which memory is divided into blocks of equal size which are
referred to as pages. These pages are then moved back and forth between main memory and secondary storage as required by
the CPU. Demand paging reduces the problem of memory fragmentation which results in unused memory space.

Dispatch Table—In Series 32000 systems, this is an area of memory which contains interrupt descriptors for all possible
hardware interrupts and software traps. The interrupt descriptor directs the CPU to the module descriptor for the procedure
which is designed to handle that particular interrupt.

Displacement—A numerical offset from a known point of reference. Displacements are used in programming to facilitate
position independent code, such that a given program can be loaded anywhere in memory. In Series 32000 processors, a
displacement is contained in the instruction itself.
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Glossary (Continued)

DMA—Direct Memory Access. A method that uses a small processor (DMA Controller) whose sole task is that of controlling
input-output or data movement. With DMA, data is moved into or out of the system without CPU intervention once the DMA
controller has been initialized by the CPU and activated.

Double-Precision—With reference to 32000 floating-point arithmetic, a double-precision number has a 52-bit fraction field, 11-
bit exponent field and a sign bit (64-bits total).

Double Word—Two words, i.e., 32 bits.

Editor—A program which allows a person to write and modify text. This program can be as complicated as the situation
requires, from the very simple line editor to the most complicated word processor. Letters, numbers and unprintable control
characters are stored in memory so that they can be recalled for modification or printing. The programmer uses this device to
enter the program into the computer. At this stage, the program is recognizable to both the programmer and the computer as
lines of English text. This English version of the program is known as the SOURCE.

Emulate—To imitate one system with another, such that the imitating system accepts the same data, executes the same
programs, and achieves the same results as the imitated system.

Exception—An occurrence which must be resolved through CPU intervention. An exception results in the suspension of normal
program flow. In Series 32000 systems, exceptions occur as a result of a hardware reset, interrupt or software traps. Execution
of floating-point instructions may also result in occurrences which must be resolved through CPU intervention.

Exponent—In scientific notation, a numeral that indicates the power to which the base is raised.

EXEC2—NSC's Real Time Executive for Series 32000.

FIFO—First-in first-out. A FIFO device is one from which data can be read out only in the same order as it was entered, but not
necessarily at the same rate.

Floating-Point—A method by which computers deal with numbers having a fractional component. In general, it pertains to a
system in which the location of the decimal/binary point does not remain fixed with respect to one end of numerical expressions,
but is regularly recalculated. The location of the point is usually given by expressing a power of the base.

FORTRAN—A high level language written for the scientific community. It makes heavy use of algebraic expressions and
arithmetic statements.

FP—Frame Pointer. CPU register which points to a dynamically allocated data area created at the beginning of a procedure by
the ENTER instruction.

FPU—Floating-Point Unit is a slave processor in Series 32000 systems which implements in hardware all calculations needed to
support floating-point arithmetic, which otherwise would have to be implemented in software. The NS32081 FPU provides high-
speed floating point instructions for single (32-bit) and double (64-bit) precision. Supports IEEE standard for binary floating point
arithmetic. Compatible with NS32032, NS32C032, NS32016, NS32C016 and NS32008 CPUs.

Fragmented—The term used to describe the presence of small, unused blocks of memory. The problem is especially common
in segmented memory systems, and results in inefficient use of memory storage.

Frame—A block of memory on the stack that provides local storage for parameters in the current procedure.

GENIX—The NSC version of the UNIX operating system, ported to work with the Series 32000. It also has all of the necessary
utilities added so that program development can be accomplished.

Hardware—Physical equipment, e.g., mechanical, magnetic, electrical, or electronic devices, as opposed to the software
programs or method in which the hardware is used.

High Level Languages—These are languages which are not dependent on the type of computer on which they run. A program
written in a high level language will generally run on any computer for which there is a compiler for that language. This feature
makes high level languages “Portable”, i.e., the same program will run on many different types of computers. A HLL requires a
compiler or interpreter that translates each HLL statement into a series of machine language instructions for a particular
machine.

ICU—Interrupt Control Unit. A memory-mapped microprocessor support chip in Series 32000 systems which handles external
interrupts as well as additional software traps. The ICU provides a vector to the CPU to identify the servicing software procedure.

Indexing—In computers, a method of address modification that is by means of index registers.
Index Register—A register whose contents may be added to or subtracted from the operand address.

Indirect Addressing—Programming method where the initial address is the storage location of a word which is the actual
address. This indirect address is the location of the data to be operated upon.

Instruction—A statement that specifies an operation and the values or locations of its operands, i.e., it tells the CPU what to do
and to what.

Instruction Cycle—The period of time during which a programmed system executes a particular instruction.

Instruction Fetch—The action of accessing the next instruction from memory, often overlapped by its partial execution.
Instruction Queue—With Series 32000 CPUs, this is a small area of RAM organized as a FIFO buffer which stores prefetched
instructions until the CPU is ready to execute them.

Interpreter—A program which translates HLL statements into machine instructions at run time, i.e., while the program is
executing, and is co-resident with the user program.
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Glossary

Glossary (continued)

Interrupt—To signal the CPU to stop a software program in such a way that it can be resumed and branch to another section of
code. Interrupts can be caused by events external or internal to the CPU, and by either software or hardware.

INTBASE—Interrupt Base Register. In the Series 32000, a 32-bit CPU register which holds the address of the dispatch table
containing addresses for interrupts and traps.

ISE—In-System Emulator. A computer system which imitates the operation of another in terms of software execution. In
microprocessor system development, the ISE takes the place of the microprocessor by means of a connector at the end of an
umbilical cable. Not only does the ISE perform all the functions of the microprocessor, but it also allows the engineer to debug
his system by setting breakpoints on various conditions, permits tracing of program flow, and provides substitution memory
which may be used in place of actual target system memory.

ISV—Independent Software Vendor. A vendor, independent from National Semiconductor, who ports or develops software for
Series 32000 components. They in turn sell this software to our customers who are designing Series 32000 based products.
Kernel—This is the name given to the core of the operating system. Other programs are added to the kernel to provide the
features of the operating system. The kernel provides control and synchronization.

Language—A set of characters and symbols and the rules for using them. In our context, it is the “English like” format of the
instructions which are understood by both the programmer and the computer.

Library—High level languages as well as assembly language contain many routines which are used over and over again. To
prevent the programmer from having to write the routine every time it is needed, these routines are stored in libraries to be
referenced each time they are needed. These libraries are also OBJECT files.

Linear Address Space—An address space where addresses start at location zero and proceed in a linear fashion (i.e., with no
holes or breaks) to the upper limit imposed by the total number of bits in a logical address.

Link Base—In the Series 32000, Module Descriptor entry which points to a table in memory containing entries which reference
variables or entry points in Modules external to the one presently executing.

Linker—Large programs are generally broken down to component parts and farmed out to several programmers. Each one of
these parts is called a MODULE. Each programmer will develop the module using either high level or assembly language, then
“assemble” assembly language modules or “compile” high level language modules. A programmer tells the linker how to
connect these modules to make the program run. The linker makes these connections, resolves all questions about data
needed by one module, but contained in another, finds all library routines, and cleans up any other loose ends. The output from
the linker is called BINARY file and is the file that will run on the computer.

Logical Address Space—The range of addresses which a programmer can assign in a software program. This range is
determined by the length of the computer’s address registers.

LSB—Least Significant Bit. The bit in a string of bits representing the lowest value.

Machine Code—The code that a computer recognizes. Specifies internal register files and operations that directly control the
computer’s internal hardware.

Machine Language—The ones and zeros which are “understood” by the machine. This is often called “Binary Code.” The
programmer must be able to understand the bit patterns to be able to decipher the language. Each machine has a unique
machine language.

Main Memory—The program and data storage area in a computer system which is physically addressed by the microprocessor
or MMU address lines.

Mantissa—In a floating-point number, this is the fractional component.

Mapping—The process whereby the operating system assigns physical addresses in main memory to the logical addresses
assigned by the software.

Memory-Mapped—Referring to peripheral hardware devices which are addressed as if they were part of the computer’s
memory space. They are accessed in the same manner as main memory, i.e., through memory read/write operations.
Microcode—A sequence of primitive instructions that control the internal hardware of a computer. Their execution is initiated by
the decoding of-a software instruction. Microcode is maintained in special storage and often used in place of hardwired logic.
Microcomputer—A computer system whose Central Processing Unit is a Microprocessor. Generally refers to a board-level
product.

Minicomputer—A “box-level” computer with system capabilities generally between that of a microcomputer and a mainframe.
MMU—Memory Management Unit. This is a slave processor in Series 32000 which aids in the implementation of demand-paged
virtual memory. It provides logical to physical address translation and initiates an instruction abort to the CPU when a desired
memory location is not in main memory.

MOD—Mod Register. In the Series 32000, a 16-bit CPU register which holds the address of the Module Descriptor of the
currently executing software module.

Module—An independent subprogram that performs a specific function and is usually part of a task, i.e., part of a larger
program.

Module Descriptor—In the Series 32000, a set of four 32-bit entries found in main memory. Three are currently defined and
point to the static data area, link table, and first instruction of the module it describes. The fourth is reserved.
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Glossary (continued)

Modularity—A software concept which provides a means of overcoming natural human limitations for dealing with programming
complexity by specifying the subdivision of large and complex programming tasks into smaller and simpler subprograms, or
modules, each of which performs some well-defined portion of the complete processing task.

MSB—Most Significant Bit. The bit in a string of bits representing the highest value.

NET—Short for NETWORK and describes a number of computers connected to each other via phone or high speed links. A net
is convenient for exchanging common information in the form of “mail” as well as for data exchange.

NMI—Nonmaskable Interrupt. A hardware interrupt which cannot be disabled by software. It is generally the highest priority
interrupt.

Object Code—Output from a compiler or assembler which is itself executable machine code (or is suitable for processing to
produce executable machine code).

Operand—In a computer, a datum which is processed by the CPU. It is referenced by the address part of an instruction.
Operating System—A collection of integrated service routines used by the computer to control the sequence of programs. The
operating system consists of software which controls the execution of computer programs and which may provide storage
assignment, input/output control, scheduling, data management, accounting, debugging, editing, and related services. Their
sophistication varies from small monitor systems, like those used on boards, to the large, complex systems used on main
frames.

Operating System Mode—In this mode, the CPU can execute all instructions in the instruction set, access all bits in the
Processor Status Register, and access any memory location available to the processor.

Operator—In the description of an instruction, it is the action to be performed on operands.

Page Fault—A hardware generated trap used to tell the operating system to bring the missing page in from secondary storage.
Page Swap—The exchange of a page of software in secondary storage with another page located in main memory. The
operating system supervises this operation, which is executed by the CPU and involves external devices such as disk and DMA
controllers.

Page Table—A 1K-byte area in main memory containing 256 entries which describe the location and attributes of all pointer
tables, i.e., a list of pointer table addresses.

Peripheral—A device which is part of the computer system and operates under the supervision of the CPU. Peripheral devices
are often physically separated from the CPU.

Pascal—A high level language designed originally to teach structured programming. It has become popular in the software
community and has been expanded to be a versatile language in industry.

Physical Address—The address presented to main memory, either by the CPU or MMU.

Pointer Table—A 512-byte page located either in main memory or secondary storage containing 128 entries. Each entry
describes an individual page of the software program. Each page of the software program may reside in main memory or in
secondary storage.

Pop—To read a datum from the top of a stack.

PORT—To port an operating system is to cause that particular operating system to operate with a defined hardware package.
GENIX is the NSC version of UNIX which has been ported to SYS32. The operating system for other Series 32000 based
systems will differ in some degree from SYS32 and the NSC GENIX binary will not operate. It is now necessary to modify GENIX
to fit the situation caused by the new hardware. The GENIX SOURCE is used because this is the program that is most readily
understood by the programmer. The source is changed, compiled, and linked to get a new binary for that particular machine.

Primitive Data Type—A data type which can be directly manipulated by the hardware. With Series 32000, these are integers,
floating-point numbers, Booleans, BCD digits, and bit fields.

Procedure—A subprogram which performs a particular function required by a module, i.e., by a larger program; an ordered set
of instructions that have a general or frequent use.

Process—A task.
Program Base—Module Descriptor entry which points to the first instruction in the module being described.
Program Counter—CPU register which specifies the logical address of the currently executing instruction.

Protection—The process of restricting a software program’s access to certain portions of memory using hardware mecha-
nisms. Typically done at the operating system and page level.

PSR—Processor Status Register. A 16-bit register on Series 32000 CPU’s which contains bits used by the software to make
decisions and determine program flow.

Push—to write a datum to the top of a stack.
Quad word—Four words, i.e., 64 bits.

Queue—A First-In-First-Out data storage area, in which the data may be removed at a rate different from that at which it was
stored.

Real Time—The actual time in human terms, related to a process. In a UNIX system, real time is total elapsed time, CPU time is
the percent of time a process is actually in the CPU. Sys time is the time spent in system mode, and user time is the time spent in
user mode.
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Glossary (Continued)

Real Time Operating Systems—An operating system which operates with a known and predictable response time limit, so that
it can control a physical event.

Record—A structured data type with multiple elements, each of which may be of a different data type, e.g., strings, arrays,
bytes, etc.

Register—A temporary storage location, usually in the CPU, which holds digital data.
Relative Address—The number that specifies the difference between the base address and the absolute address.

Relocatable—In reference to software programs, this is code which can be loaded into any location in main memory without
affecting the operation of the program.

Return Address—The address to which a subroutine call, interrupt or trap subroutine will return after it is finished executing.
Routine—A procedure.

Royalty—Royalty is money paid to the inventor for each item of product sold. A good analogy to use is the music business. Any
time a song is used, the songwriter is paid a royalty. Think of UNIX as a song and GENIX or SYSTEM V as special arrangements.
For each shipment of GENIX or SYSTEM V, the customer pays a royalty to NSC who, in turn, pays a royalty to AT&T.
SB—In the Series 32000 Static Base Register. Points to the start of the static data area for the currently executing module.

Secondary Storage—This is generally slow-access, nonvolatile memory such as a hard-disk which is used to store the pages
of software programs not currently needed by the CPU.

Segmented Address Space—Term used to describe the division of allocatable memory space into blocks of segments of
variable size.

Setup Time—The minimum amount of time that data must be present at an input to ensure data acceptance when the device is
clocked.

Slave Processor—A processor which cooperates with the main microprocessor in executing certain instructions from the
instruction stream. A slave processor generally accelerates certain functions which increases overall system throughput. Exam-
ples of slave processors are the FPU and MMU of Series 32000. ‘
Software—Programs or data structures that execute instructions or cause instructions to be executed and that will cause the
computer to do work.

Software License—NSC does not sell software. Rather, we license the right to use our software. A software license is required
for all Series 32000 software. We use the license to protect NSC's interests and to assist in honoring our commitment to AT&T.
The license is also the vehicle which we use to track customers so that updates can be issued in a timely manner.

Software Q/A—Ilt is the charter of the Quality Assurance people to ensure that when a software product reaches the customer
that it is “bug” free. In the real world, it is impossible to test every combination of functions, so some bugs do get through. The
Q/A engineer develops test programs which rigorously test the product prior to its introduction to the market place.

SP1—In the Series 32000, User Stack Pointer. Points to the top of the User Stack and is selected for all stack operations while
in User Mode.

SP0—In the Series 32000, Interrupt Stack Pointer. Points to the top of the interrupt stack. It is used by the operating system
whenever an interrupt or trap occurs.

Stack—A one-dimensional data structure in which values are entered and removed one datum at a time from a location called
the Top-of-Stack. To the programmer, it appears as a block of memory and a variable called the Stack Pointer (which points to
the top of the stack).

Stack Pointer—CPU register which points to the top of a stack.

Static Base Register—A 32-bit CPU register which points to the beginning of the static data area for the currently executing
module.

String—An array of integers, all of the same length. The integers may be bytes, words, or double words. The integers may be
interpreted in various ways (see ASCII).

Subroutine—A self-contained program which is part of a procedure.

Symmetry—A computer architecture is said to be symmetrical when any instruction can specify any operand length (byte, word
or double word) and make use of any address-data register or memory location while using any addressing mode.

Synchronous—Refers to two or more things made to happen in a system at the same time, by means of a common clock
signal.

Tag—A label appended to some data entry used in a look-up process whereby the desired datum can be identified by its tag.
Task—The highest-level subdivision of a user software program. The largest program entity that a computer’s hardware directly
deals with.

TCU—Timing Control Unit. A device used to provide system clocks, bus control signals and bus cycle extension capability for
Series 32000.

Trap—An internally generated interrupt request caused as a direct and immediate result of the encounter of an event.
T-State—One clock period. If the system clock frequency is 10 MHz, one T-State will take 100 ns to complete. Operations
internal and external to the CPU are synchronized to the beginning and middle of the T-States. There are four T-States in a
normal Series 32000 CPU bus cycle.
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Glossary (Continued)

UNIXTM—An operating system developed at Bell Laboratories in the early 1970s. Software programs that run under UNIX are
written in the high-level language C, making them highly portable. UNIX systems do not distinguish user programs from operat-
ing system programs in either capability or usage, and they allow users to route the output of one program directly into the input
of another. This operating is unique and is becoming very popular in the microcomputer world.

USENET—A net to which UNIX systems in the United States connect. Some systems in Europe and Australia also use this net
for the purpose of passing information.

User—A software program. The total set of tasks (instructions) that accomplish a desired result. Tasks are managed by the
operating system.

User Mode—Machine state in which the executing procedure has limited use of the instruction set and limited access to
memory and the PSR.

uucp—Software which allows UNIX computers to pass information to other UNIX systems.

Variable—A parameter that can assume any of a given set of values.

Vector—Byte provided by the ICU (Interrupt Control Unit) which tells the CPU where within the Descriptor table the descriptor is
located for the interrupt it has just requested.

Virtual Address—Address generated by the user to the available address space which is translated by the computer and
operating system to a physical address of available memory.

Virtual Memory—The storage space that may be regarded as addressable main storage by the system. The operating system
maps Virtual addresses into physical (main memory) addresses. The size of virtual memory is limited by the method of memory
management employed and by the amount of secondary storage available, not by the actual number of main storage locations,
so that the user does not have to worry about real memory size or allocation.

VMS—This is the operating system designed by Digital Equipment Corporation for their VAX series of computers. The original
Series 32000 software was developed on a VAX which was being controlled by the VMS Operating System.

Wait-State—An additional clock period added to a CPU memory cycle which gives an external memory device additional time to
provide the CPU with data. Also used by bus arbitration circuitry to hold the CPU in an idle state until access to a shared
resource is gained.

Winchester—Small, hard-disk media commonly found in personal computers.

Word—A character string or bit string considered as the primary data entity. For historical reasons, a word is a group of 16 bits
in Series 32000 systems.
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Bookshelf of Technical Support Information

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.

We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:

Technical Communications Dept. M/S 23-200

2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation,
please call (408) 749-7378.

ALS/AS LOGIC DATABOOK—1987

Introduction to Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions e Peripheral Functions ® LSI/VLSI Functions ® Design Guidelines ® Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ® CMOS Application Notes ® MM54HC/MM74HC
MM54HCT/MM74HCT @ CD4XXX ® MM54CXXX/MM74CXXX e Surface Mount

DATA CONVERSION/ACQUISITION DATABOOK—1984

Selection Guides ® Active Filters ® Amplifiers ¢ Analog Switches ® Analog-to-Digital Converters
Analog-to-Digital Display (DVM) e Digital-to-Analog Converters ® Sample and Hold ® Sensors/Transducers
Successive Approximation Registers/Comparators ® Voltage References

DATA COMMUNICATION/LAN/UART DATABOOK—Rev. 1

LAN |IEEE 802.3 ® High Speed Serial/IBM Data Communications ® ISDN Components ® UARTs
Modems ® Transmission Line Drivers/Receivers

INTERFACE DATABOOK—1988

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral Power Drivers ® Display Drivers
Memory Support ® Microprocessor Support ® Level Translators and Buffers ® Frequency Synthesis @ Hi-Rel Interface

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC
DATABOOK—1983

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral/Power Drivers

Level Translators/Buffers e Display Controllers/Drivers ® Memory Support ® Dynamic Memory Support
Microprocessor Support ® Data Communications Support ® Disk Support ® Frequency Synthesis
Interface Appendices @ Bipolar PROMs e Bipolar and ECL RAMs ¢ 2900 Family/Bipolar Microprocessor
Programmable Logic

INTUITIVE IC CMOS EVOLUTION—1984

Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the
change from germanium to silicon. /ntuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need
to stay abreast of the semiconductor industry.




INTUITIVE IC OP AMPS—1984

Thomas M. Frederiksen’s new book, /ntuitive IC Op Amps, explores the many uses and applications of different IC op amps.
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning
concepts of the op amp. Mr. Frederiksen’s latest book is a vital aid to engineers, designers, and industry observers who need to
stay abreast of the computer industry.

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LINEAR 1 DATABOOK—1988

Voltage Regulators ® Operational Amplifiers ® Buffers ® Voltage Comparators ® Instrumentation Amplifiers ® Surface Mount

LINEAR 2 DATABOOK—1988

Active Filters ® Analog Switches/Multiplexers ® Analog-to-Digital ® Digital-to-Analog ® Sample and Hold
Sensors ® Voltage References ® Surface Mount

LINEAR 3 DATABOOK—1988

Audio Circuits ® Radio Circuits ® Video Circuits ® Motion Control ® Special Functions ® Surface Mount

LINEAR SUPPLEMENT DATABOOK—1984

Amplifiers ® Comparators ® Voltage Regulators ® Voltage References ® Converters ® Analog Switches
Sample and Hold ® Sensors e Filters @ Building Blocks ® Motor Controllers ¢ Consumer Circuits
Telecommunications Circuits ® Speech ® Special Analog Functions

LS/S/TTL DATABOOK—1987

Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL e Low Power

MASS STORAGE HANDBOOK—Rev. 2

Winchester Disk Preamplifiers ® Winchester Disk Servo Control ¢ Winchester Disk Pulse Detectors
Winchester Disk Data Separators/Synchronizers and ENDECs ® Winchester Disk Data Controller
SCSI Bus Interface Circuits ® Floppy Disk Controllers

MEMORY SUPPORT HANDBOOK—1986

Dynamic Memory Control ® Error Checking and Correction ® Microprocessor Interface and Applications
Memory Drivers and Support

NON-VOLATILE MEMORY DATABOOK—1987

CMOS EPROMs ¢ EEPROMs e Bipolar PROMs

SERIES 32000 DATABOOK—1986

Introduction ® CPU-Central Processing Unit ® Slave Processors ® Peripherals ® Data Communications and LAN’s
Disk Control and Interface ® DRAM Interface ® Development Tools ® Software Support ® Application Notes

RANDOM ACCESS MEMORY DATABOOK—1987

Static RAMs ¢ TTL RAMs ® TTL FIFOs ® ECL RAMs




RELIABILITY HANDBOOK—1986

Reliability and the Die ¢ Internal Construction ® Finished Package ® MIL-STD-883 ¢ MIL-M-38510

The Specification Development Process ¢ Reliability and the Hybrid Device ® VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ® Discrete Device ® Standardization

Quality Assurance and Reliability Engineering ® Reliability and Documentation ¢ Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETS™ Products ¢ 883/RETS™ Hybrids ® MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

TELECOMMUNICATIONS—1987

Line Card Components ¢ Integrated Services Digital Network Components ® Modems
Analog Telephone Components ® Application Notes

THE SWITCHED-CAPACITOR FILTER HANDBOOK—1985

Introduction to Filters  National’s Switched-Capacitor Filters ® Designing with Switched-Capacitor Filters
Application Circuits ® Filter Design Program ¢ Nomographs and Tables

TRANSISTOR DATABOOK—1982

NPN Transistors ¢ PNP Transistors ® Junction Field Effect Transistors ® Selection Guides ® Pro Electron Series
Consumer Series ® NA/NB/NR Series ® Process Characteristics Double-Diffused Epitaxial Transistors
Process Characteristics Power Transistors ® Process Characteristics JFETs ® JFET Applications Notes

VOLTAGE REGULATOR HANDBOOK—1982

Product Selection Procedures ® Heat Flow & Thermal Resistance e Selection of Commercial Heat Sink
Custom Heat Sink Design ¢ Applications Circuits and Descriptive Information ® Power Supply Design
Data Sheets

48-SERIES MICROPROCESSOR HANDBOOK—1980

The 48-Series Microcomputers ® The 48-Series Single-Chip System ® The 48-Series Instruction Set
Expanding the 48-Series Microcomputers ® Applications for the 48-Series ® Development Support

Analog 170 Components ® Communications Components e Digital I/O Components ® Memory Components
Peripheral Control Components
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