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AAF
ADD
ADF
ANF
ASG
BAF
cy,C4,C8,C12,
C16
CFF
CL1
CL2
CLC
CLF
CMF
CMFE
CMFH
CPR
CRS
CTFF
DMS
EFF
E. IND.
EIR
ENF
EOF
EOFE
EOFH
EPH
ESR
FBFF
FLFF
FLGY
FLG1
FLG2

A Addressable Flip-Flop

And Instruction Decoded

Add Function

AND Function

Alter Skip Group Instruction Decoded
B Addressable Flip-Flop

Carry to Bits @, 4, 8,12, 16 respectively

Carry Flip-Flop Set Output
Clock 1 Flip-Flop Set Output
Clock 2 Flip-Flop Set Output
Clear Control

Clear Flag

Complement Function NOT
Complement Function (Inst. Decoder) NOT
Complement Function (EAU)
Compare Instruction Decoded
Control Reset to 1/0

Control FF Set Output
Display Memory Switch
Extend FF Set Output

Extend Indicator

Enable Instruction Register
Enable Flag

Exclusive OR Function NOT
Exclusive OR Function (Inst. Decoder) NOT
Exclusive OR Function (EAU)
Enable Phase

Enable Service Request

Flag Buffer FF Set Output
Flag FF Set Output

Flag from Group ¢

Flag From Group 1

Flag From Group 2
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FLG3 =  Flag From Group 3

HIN =  Halt Instruction

HIS =  Hold Interrupt System

HLS =  Halt Switch

HLS =  Halt Switch NOT

HLSFF =  Halt Switch FF Set Output

IAK = Interrupt Acknowledge

ICFF =  Interrupt Control FF Set Output

IEN(6) =  Interrupt Enable (6)

IEN(10) = Interrupt Enable (10)

IEN(20) = Interrupt Enable (Group 20)

IIR =  Inhibit Instruction Register

ILS =  Instruction Loop Switch

INT =  Interrupt

IOBIg-16 = I/O Bus Input Bits ¢ thru 16

I0CO = I/O Control, Output

IOF = Inclusive OR Function NOT

I0G | = 1/O Instruction Decoded

IOGE = I/0O Instruction Decoded (Buffered thru Power Fail)

IOGE(B) = I/O Instruction Decoded (Buffered thru Power Fail and I/0O
Control

I0I = I/O Input

100 = I/O Output

I0S = I/O Switch Address

IR15 = I Register Bit 15 NOT

IRQ1-17 =  Interrupt Request Units 1-17

IRQFF = Interrupt Request FF Set Qutput

ISEFF =  Interrupt System Enable FF Set Output

ISG =  Inhibit Strobe Generator

ISR =  Input Switch Register

1Sz = Increment and Skip if Zero

ITFF = Interrupt Timing FF Set Output

JMP =  Jump Instruction Decoded

JSB =  Jump Subroutine Instruction Decoded

LADS = Load Address Switch
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LAS
LBS
LMS
1LOD
LPS
Mp-14
MAC
MIT
MMD13
MMD14
MNS
MPT
MPTg
MPT1
MPT2
MPT3
MPT4
MR@-13
MRg-12
MRT
MST
MTE
MWL
MWT
OPO
OVFF
OVF. IND.
P123
P123G
PEH
PEI
PH1
PH2
PH3
PH4

Load A Switch

Load B Switch

Load Memory Switch

Load Instruction Decoded
Loader Protection Switch
Memory Address Bits @ thru 14
Macro Instruction Decoded
Memory Inhibit Timing
Memory Module Decoder Bit 13
Memory Module Decoder Bit 14
Memory Normal Switch
Memory Protect

Memory Protect ¢

Memory Protect 1

Memory Protect 2

Memory Protect 3

Memory Protect 4

M Register Bits f thru 13

M Register Bits ¢ thru 12 NOT
Memory Read Timing

Memory Strobe Time

Memory Timing Enable
Memory Write Level

Memory Write Time

One Phase Operation NOT
Overflow FF Set Output
Overflow Indicator

Phase 1, 2 or 3

Phase 1, 2 or 3 (Buffered)
Parity Error Halt

Parity Error Interrupt

Phase 1

Phase 2

Phase 3

Phase 4
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PH5
PHIFF
PH2FF
PH3FF
PH4FF
PIND
PNS
POFP
PON
POPIO
POPIO(B)
PRH5
PRH6
PRH10-3¢
PRL4
PRL5
PRS
PRS
PRSFF
PSO
RARB
RBJ-15
RBRB
RF1
RF2
RL4
RLL
RMSB
RNS
RNS
RPB
RPE
RPRB
RRS

RSM (6-9) (ISM)

Phase 5 NOT

Phase 1 FF Set Output

Phase 2 FF Set Qutput

Phase 3 FF Set Output

Phase 4 FF Set Output

Power Indicator

Phase Normal Switch

Power On/Off Pulse

Power On Normal

Power On Pulse I/0

Power On Pulse I/O (Buffered)
Priority High Unit 5

Priority High Unit 6

Priority High Units 10 thru 3¢
Priority Low Unit 4

Priority Low Unit 5

Preset Switch

Preset Switch NOT

Preset FF Set Qutput

Power Supply On

Read A Register to the R Bus
R Bus Bit §-15

Read B Register to the R Bus
Run 1 FF

Run 2 Flip-Flop NOT

Rotate Left 4 Bits NOT
Rotate Left to Least Significant Bit NOT
Read M Register to S Bus
Run Switch

Run Switch NOT

Reset Parity Bit

Reset Parity Error

Read P Register to R Bus
Rotate Right to Sign Bit NOT
Reset M Register Bits 6-9 (Interrupt Store in M Register)
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RSM (10-15) = Reset M Register Bits 10-15

RST = Reset the T Register

RTSB = Read T Register to S Bus

S1FF =  Step 1 FF Set Output

S2FF = Step 2 FF set Output

SB@-15 = S Bus Bit ¢-15

SC =  Select Code

SCL(@)-(7) = Select Code Least Significant ¢ thru 7
SCM(?)-(7) =  Select Code Most Significant ¢ thru 7
SCS =  Single Cycle Switch

SEO =  Switch Exclusive OR

SFC =  Skip if Flag Clear

SFS =  Skip if Flag Set

SIR =  Service Interrupt Request

SKF =  Skip on Flag

SL14 =  Shift Left Bit 14 NOT

SL14E =  Shift Left Bit 14 (Shift Logic) NOT
SL14H = Shift Left Bit 14 (EAU)

SLM =  Shift Left Magnitude NOT

SLME =  Shift Left Magnitude (Shift Logic)
SLMH =  Shift Left Magnitude (EAU)

SRAQ-T7 = Service Request Address Unit ¢J-77
SRG =  Shift Rotate Group Instruction Decoded
SRM =  Shift Right Magnitude NOT

SRME =  Shift Right Magnitude (Shift Logic) NOT
SRMH =  Shift Right Magnitude (EAU)
SRQ10-27 = Service Request Units 1¢ thru 27
ST@-16 = Sense Amp Output Bits @ thru 16
STBA = Store T Bus in A Register

STBB =  Store T Bus in B Register

STBT = Store T Bus in T Register

STC =  Set Control

STF = Set Flag

STM(@-5), (#-9) = Store M Register Bits 0-5, ¢-9, 1¢-11, 12-15 respectively

(19-11), (12-15)
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STP(@-9), (19-11) Store P Register Bits ¢-9, 1¢-11, 12-15 respectively

(12-15)

STR =  Store Instruction Decoded
SWSA =  Switch Store in A Register
SWSB =  Switch Store in B Register
SWSM =  Switch Store in M Register
SWSP =  Switch Store in P Register
SWST =  Switch Store in T Register
TQ-7 = Time ¢ thru 7

T3(B) = Time 3 (Buffered)

T7S = Time 7 with Strobe

TQT1 = Time Period T@¥ thru T1
T1T2 =  Time Period T1 thru T2
T3T4 =  Time Period T3 thru T4
T4T5 =  Time Period T4 thru T5
T6T7 =  Time Period T6 thru T7
TAN1 = T Bus ANDed Bits 0-3
TAN2 = T Bus ANDed Bits 4-7
TAN3 = T Bus ANDed Bits 8-11
TAN4 = T Bus ANDed Bits 12-15
TB@-15 = T Bus Bits  thru 15
TR@-15 = T Register Bits ¢ thru 15
TRP-15 = T Register Bits ¢ thru 15 NOT
TRY(B) = T Register Bit ¢ (Buffered)
TR2(B) = T Register Bit 2 (Buffered)
TS =  Time Strobe

TSA =  Time Strobe A

TTK =  Memory Extender Present
YO /1 = Y Driver/Switch @/1 Select
Y2/3 = Y Driver/Switch 2/3 Select
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logic equations




AAF
ADD
ADF

ANF
ASG
BAF
cy
c1
c2
C3
c4
c5
Cé
ol
lof:
c9
c1g
c11
c12
c13
C14
c15
C16
CFF

]

1

TAN1
IR14 (

(ASG -

HP 2116B Equation Summary

. TB14 [TAN2 - TAN3 (TB12 - TB13)] (T¢ - P123G)
EIR - [R12 - IR13)
T4T5) + [T1T2 (JSB - PH3)] + [ADD + ISZ (PH3 - T3T4)]

+ (PH4 - T3T4) + (P123 - T6T7)

R11 (

PH3 - T3T4) (EIR - IR14 - IR13 - IR12)

IR1¢ [IRT5 (PH1 - IR14 (IRI2 - IR13 - EIR))]
TBY (T¢ - P123G) [TBI4 - TB2 (TB3 - TBI)] [ TAN2 - TAN3 (TB12 - TB13)]

CFF .

(RBY -

(RB1
(RB2
(RB3

(RB4 -
(RB5
(RB6
(RB7
(RB8
(RB9

(RB10 -
- SB11) + (RB11
. SB12) + (RB12
- SB13) + (RB13

(RB11
(RB12
(RB13

(RB14 -
. SB15) + (RB15

(RB15
ASG |

. SB1) + (RB1 -
- SB2) + (RB2 -
. SB3) + (RB3

. SB5) + (RB5 -
. SB6) + (RB6 -
. SB7) + (RB7 -
- SB8) + (RB8 -
. SB9) + (RB9 -

T6T7

SB0) + (RB@ - C) + (SBJ -
C1) + (SB1
C2) + (SB2
. C3) + (SB3
. C4) + (SB4 -
C5) + (SB5
C6) + (SB6
C7) + (SB7
C8) + (SBS
C9) + (SB9 -

C9)
. C1)
. C2)
. C3)
C4)
. C5)
. C6)
- CN)
. C8)
C9)

SB4) + (RB4

SB1g) + (RB10 -
. C11) + (SB11
. C12) + (SB12
. C13) + (SB13
. C14) + (SB14
. C15) + (SB15

SB14) + (RB14

C1¢) + (SB1g -
. C11)
. C12)
. C13)
. C14)
. C15)

C19)

[TRY (TAN1 - TAN2 - TAN3 - TAN4 - T5) + (TR4 - T4 - RB1H +
(TR3 - T4 -RBJ) + (TR5 - T3 - EFF)] +

[TRY [(TANI - TAN2 - TANS - TAN4 - T5)

(TR4 - T4 - RB15)' (TR3 - T4 - RBY)

(TR5- T3 - EFF)] [TR1- TR3 - T5 (TR4 + TRb) +

(TR1- T5) + (TR4- T4) + (TR5 - T3)] ]} +

[T4 - PH3 - CPR (TANI - TAN2 - TAN3 - TAN4)] +
(T4 - PH3 - ISZ - C16) +
(T4 - SKF) +

(TR3 -

SRG- RB@ - T4)
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CL1 = CFl1- CF2

CL2 = CF1.CF2

CLC = TRI11[T4 -IOG (TR6 - TR7- TR8)]
CLF = TR9 (T4 - IOG)

CMF = [ASG - T3(TR9)] + [PH4 (T1T2 + T5)]
CPR = EIR- IR14- IRI3 - IR12

CRS = POPIO + [CLC (IOG - SCMJ - SCL{]

CTFF = STC- SC Typical Interface
CTFF = CRS + (CLC- SC) Typical Interface
DMS = RF2- DISPLAY MEMORY SW - POFP
EFF = [C16 (TR2B - ASG - T5) + (T4 - PH3 - ADD)] +
[R15B (SRG (TR¥ - TR1 - TR2) + (TR6 - TR7 - TR8))] +
(TR6 - TR7- T3 - ASG) + (TR6 - TR7 - ASG - T3) +
[RBYB (SRG (TR - TR1 - TR2) + (TR6 - TR7 - TR8))]
EFF = [RB@ (SRG (TR§ - TRI - TR2) + (TR6 - TR7 - TRS))]
+ [RBT5 (SRG (TR¢ - TR1 - TR2) + (TR6 - TR7 - TR8))]
+ (ASG - T3 - TR7- TR6) + (SRG -+ T4 - TR5) +
(ASG - TR6 - TR7 - T3)

EIR = TIR [ PH3 + (DMS - TMS) ]
ENF = T2 (Buffered)
EOF = (T2- SEO) + (P123 - TPT1) +

(PH3 - T3T4)[(IRI1- XOR) + LOD + CPR + JSB)] +
[TR9 (ASG - T3)] +[IR12- CPR (PH3 - T5)] +
(STR + PH3 - T2)

EPH = PH5-IIR

ESR = ICFF (POPIO - ISEFF - HIS)

FBFF = POPIO + (STF - SC) + EOF Typical Interface

FBFF = (CLF- SC) + (IAK - IRQFF) Typical Interface

FLFF = ENF. FBFF Typical Interface
FLFF = CLF.SC Typical Interface

HIN = IOG (TR8 . TR7 . TR6)

HLS = HALT SW.

HILS = HALT SW. + POFP

IAK = ICFF (T1- PH1)

ICFF = ITFF

ICFF = CRS+ (PH4: T3B) + [PH5 (T5 * IOGE (STC + CLC + STF + CLF))]
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IENG6

ISEFF

IEN19 PRH10 - ISEFF

IEN2¢ IEN6 (PRH1J - PRL17)

INT = ESR (FLGY + FLG1 + FLG2 + FLG3)
IOBO@-15= I0CO- RB@-15

IOCO = TR6. TRT. TRS8 (IOG - T4T5)

IOF = (IOG - T4T5) + [IR11 (IR14 - IR13 - TR12) (PH3 - T3T4)]
I0G = IR1¢ [IR15 (PH1 . IR14 (EIR - 'ﬁﬁ IR13))]

IOGE = IOG-: MPC

i(0)1 = [(T4T5 - I0G) (TR7 (I0G * TR8))] + (SEO * T2)

100 = T3T4 (TR6 + TRT - TR8)

I0S = IOG - SCMJ - SCL1

IRQFF = SIR - PRH - FBFF (FLFF . IEN - CTFF)
IRQFF = ENF

ISEFF = STF (SCMJ - SCL{ - IOG)

ISEFF = CLF (SCM@+ SCL@- IOG)

ISR = SEO + [IOS (TR7 (IOG * TR8))]

ISZ = IR11 (EIR . IR12 . IR13 . TR14)
ITFF = STM 12-15

JMP = IR11 (EIR. IR12. IR13 . TR14)
JSB = IR11 (EIR . IR12 . TRI3 . TR14)
LADS = LOAD ADDRESS SW . RF2 - POFP
LAS = LOAD A SW . RF2 . POFP

LBS = LOAD B SW - RF2 . POFP

LMS = LOAD MEMORY SW - RF2 - POFP
LOD = IRI2 (EIR - IR13 : IR14)

MAC = IR10 [IR15 (IR14- PH1 (EIR - IR12 - IR13))]
MIT = MTE ‘(T4T5 (PH3 - 1ISZ)) +

(T3T4 - CF2 (PH3 - ISZ)) +
(T5T6 - CF2 (PH3 - ISZ)) +
(PH3 - 1SZ) [(S67 (PH3 - ISZ) (TOT1 - T6TT)) +
(T5T6 - T4AT5 (PH3 - ISZ))]
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MPT

MRT
MST

MTE

MWL

MWT

OPO
OPO
OVFF
OVFF
P123
PH1
PH1FF

PHIFF
PH2
PH2FF
PH2FF
PH3
PH3FF

PH3FF

1

LPS * M6+ M7 - M8+ M9 - Mig - Mi1

[(M12 - M14 . TTK - MPT1 - MPT2) +

(M12 . M13 - Mi4 - MPT1 - MPT2) +

(M12 - M13 - Mi4 - MPT3) +

(M12 - M13 » M14 - MPT3 - MPT4) +

(M12 - M13 + M14 * TTK * MPT4)]

MTE [T¢ + (TQT1- CF2) + (T1T2 - CF2)]

[T2(MRT + (MTE - CFI))] [(LMS +ISG) (AAF + BAF)
(PH3 (JSB + STR)) ]

P123B - MPT (MNS)

(PH3 - ISZ) + [(LMS + ISG) + (AAF + BAF) + (PH3 + (JSB + STR))]

MTE [(S67 (PH3 * ISZ) (TJT1 - T6T7)) +

(T5T6 - T4T5 (PH3 - ISZ)) + (T4T5 (PH3 - ISZ))]
IR1Z- PH1 (EIR - TR12 - TIR13)

IR14 + PHI + (EIR + IR12 + IR13)

(STF. I0S) + [(ADD - PH3 - T4) + (TR2B: ASG - T5) .
(TR15 . RB15 - SB15) + (SB15. RB15B . TB15)]
CLF. IOS

(PHIFF + PH2FF + PH3FF) (RF2. EPH)
(PH1FF (RF2 - EPH)

(JMP . PH2 . TR15. PH4FF) +

(PHAFF - PH3) +

(PRSFF + POFP) +

(PH4)

PH2FF + PH3FF + PH4FF

PH2FF (RF2 * EPH)

(TR15 - PH1. PH4FF - OPO) + (PH2 . TR15)
PH1FF + PH3FF + PH4FF

PH3FF (RF2 . EPH)
(OPO - PH1 (TR15 - PH4FF - JMP)) +

(PH2 (TR15. PHAFF . JMP)) +

[(LMS + DMS) (S1FF - S2FF)]

PH1FF + PH2FF + PH4FF
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PH4
PH4FF

PH4FF
POPIO
PRS
PRS
RARB

RB¢

RB1-15

RBRB

RF1
RF1
RF2
RF2
RL4

PH4FF( RF2 - EPH)

[INT - RUN1 (JSB - JMP)] +

(RUN1 - INT - IR15)

PHIFF

T5 (PRSFF + POFP)

PRESET SW - RF2

PRESET SW. + POFP

AAF [(JSB- PH3) (P123 - T1)] +

Rii [ [(PH3 - TR14 - IRT1 - EIR) (PH3 - T3T4)] +
[CPR (PH3 - T3T4)] +
[ADD (PH3 - T3T4)] +
[(T3) + (T4T5) (SRG + (I0G - TR6))] +
[TR8 (ASG - T3)] +
(STR - PH3 - T2) +
(ASG - T4T5)}

RARB (AR{) +

RBRB (BRJ) +

RPRB (PRY) +

ISZ (PH3 - T3T4)

RARB (AR1-15) +

RBRB (BR1-15) +

RPRB (PR1-15)

BAF [(JSB - PH3) (P123 - T1)] +

IR11 {[(PH3 - IR14 - IR11- EIR) (PH3 - T3T4)] +
[CPR (PHS3 - T3T4)] +
[ADD (PH3 - T3T4)] +
[(T3) + (T4T5) (SRG + (IOG - TR6))] +
[TR8 (ASG - T3)] +
(STR - PH3 - T2) +
(ASG - T4T5))

RNS (S1FF * S2FF) « T5

HLSFF + T5 (PEH + HIN)

(S1FF - S2FF) TS

PRSFF + POFP + RF1 (T7S)

SRG [(TRY - TR1 - TR2) + (TR6 - TR7 - TR8)]
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RLL = SRG [(TR§ * TR1* TR2) + (TR6 * TR7 * TR8)]

RMSB = (T9 © P123) +[T3T4(PH3 * JSB)]
RNS = RUN SW.* POFP
RNS = RUN SW.+ POFP
RPB = P123B- T@- TS
RPE = PRSFF + POFP
RPRB = (PH4 . T3T4) + (PH3 - T6TT) +

(OPO- T6T7) + [T1T2 (JSB - PH3)] +
[PH4 (T1T2 + T5)]

RRS = SRG [(TRY - TR1 - TR2) + (TR6 - TRT . TRS)]
RSM6-9 = T7. PH4

RSM10-15 =  RSM6-9 + [(TS - PH1. IR10 - OPO) T7]

RST = TS(TY - P123)

RTSB = EIR - JSB (PH3 - T3T4) +

T6TT [PH2 + (PH1 - OPO)] +
CPR - IR12 (PH3 . T5)

S1FF = T2 (RNS + SCS + LMS + DMS)
S2FF =  SIFF- Tl
SBY =  (RMSB - MRY) + (RTSB - TRf) +

(I0I - IOBIQ) +

(T6T7 - ILS) I[(PH4 - T3T4) + (PH3. T6TT) +
(OPO - T6TT)] +

[T1T2 (PH3 - JSB)] +

[TR2 (ASG - T4T5)]|

SB1-15 = (RMSB - MR1-15) +
(RTSB - TR1-15) +
(IOI - IOBI 1-15)
scLy = TRY - TR1 - TR2 - PH5
SCL1 = TRY - TR1 - TR2 - PH5
SCL2 = TRy - TR1 - TR2 . PH5
SCL3 = TRY - TR1 . TR2 - PH5
SCL4 = TRy - TR1 - TR2 - PH5
SCL5 = TRY . TR1 . TR2 . PH5
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SCL6
SCL7
SCMy
SCM1
SCM2
SCM3
SCM4
SCM5
SCM6
SCM7
SCS
SEO

SFC
SFS
SIR

SKF

SL14
SLM
SRG

SRM

ST@-16

TRU - TR1 - TR2 - PH5
TRY- TR1 - TR2 - PH5
TR3- TR4 - TR5 - PH5
TR3 - TR4 - TR5 - PH5
TR3 - TR4 - TR5 - PHb
TR3. TR4 - TR - PHb
TR3 - TR4 - TR5 - PHb
TR3 - TR4 - TR5 - PHb
TR3 - TR4 - TR5 - PH5
TR3 - TR4 - TR5 - PH5
SINGLE CYCLE SW - RF2 - POFP
LMS + LADS + [LAS + (AAF- LMS)] +
[LBS + (BAF - LMS)]
I0G (TR6 - TR7 - TR8)
IOG (TR6 - TR7 - TRB8)
T5 (Buffered)
(SFS - I0S + OVFF) +
(SFC - 10S+ OVFF) +
SFS - ISEFF (IOGE*- SCM@- SCLJ) +
SFC - ISEFF (IOGE* SCMJ- SCL) +
SFS - FLFF (IOGE: SCM-- SCL-) +
SFC. FLFF (IOGE* SCM-- SCL-)
SRG [(TRf - TR1 - TR2) + (TR6 * TRT7 - TR8)] +
SRG [(TR{ - TR1 - TR2) + (TR6 * TR7 * TRS)]
SRG (TR6 + TR)
IR1Q [IR15 (PH1- IR14 (IR12: IR13 + EIR))]
SRG [(TR6 - TR8) + (TR@ - TR2) +
(TR6 + TRT) + (TRY * TRI)]
MST - SAQ-16
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STBA = SWSA + T4 (IRT4 - IR11 * EIR) +
AAF [CPR- IR12 (PH3- T5)] + IRI1
{(TRz . ASG - T5) +
(TR4 - SRG - T5) +
(TR7 - TR8 - IOG) +
(TR9 - SRG - T3) +
(ASG - T3) +
[R12 - IR14 - EIR (T4 - pH3)]}
STBB = SWSB + BAF [CPR - IR12 (PH3 - T5)] +
IR11 |(TR2 ASG T5) +
(TR4 - SRG - T5) +
(TRT - TR8 - I0G) +
(TRY - SRG - T3) +

(ASG - T3) +
([RTZ - IR14 - EIR (T4 - PH3)]|
STBT =  SWST + (AAF + BAF (P123 - T1)] +

[STR + JSB (PH3 - T2)] +
(ISZ - T4 - PH3)

STC =  TRI1 [T4- I0G (TR6 - TR7 - TR8)]
STF = T3 (TR6 - TR7 - TR8)
STM10-15 = SWSM + T7 (OPO + PH2 + PH3)
STM6-9 = STM1¢-15 + (T7 - PH1. OPO - EIR)
STMP-5 = STM6-9 + (T7 - PH4)
STP1g-15 = SWSP + (IR1¢ - JMP - T5 - PH1) +
[PH4 (T2 + T4T5)] + [T4 (PH3 - JSB)] +
[T? [OPO + PH3 + (PH2 - JMP - ’r'ﬁl'?;)]]
STPY-9 = STP1¢-15 + (PH1 * T7 - JMP * TR15)
STR = IR12 (EIR * IR13 * IR14)
SWSA = T2 [LAS + (AAF - LMS)]
SWSB = T2 [LBS + (BAF - LMS)]
SWSM = T2 - LADS
SWSP = T2 - LADS
SWST = T2 - LMS
S617 - (T1T2 - T3T4) [ T7Tg [(PH3 + ISZ) + (T57T6)]
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T¢ = T7TY - TPT1

TPT1 = T7T¢ - CL1

T1 = TYPT1 - T1T2

T1T2 = TYT1 - CL2

T2 = T1T2 - T2T3

T2T3 = T1T2 - CL1

T3 = T2T3 - T3T4

T3T4 = T2T3 - CL2

T4 = T3T4 + T4T5

T4T5 = T3T4 - CL1

T5 = T4T5 - T5T6

T5T6 = T4T5 * CL2

T6 = T5T6 * T6TT

T6T7 = S67- CL1

T7 = T6TT7 - TTTY

T7TY = T6T7 - CL2

TAN1 = TB@ - TB1- TB2 - TB3
TAN2 = TB4 - TB5 + TB6 * TB7
TAN3 = TB8 - TB9 - TB1§ -+ TB11
TAN4 = TB12- TB13 - TB14 - TB15
TBY = ADF [(RB@- SB@ * CQ) +

(RB§- SBY - Cf) +
(RBP- SBY- CO)] +
EOF [(RBQ- SB@) +
(RBY- SB)]+
IOF (RB{¢ + SB@) +
ANF (RBﬂ + SBQ) +
CMF - RB{ +
SRM (RB1 + SB1) +
RL4 (RB12 + SB12) +
RLL (RB15 + SB15) +
RSM6-9 - SRAX1, X3, X5 or X7
EFF - SRG [(T3 - TR6 - TR7+ TR8) + (T5 - TR@ * TR1 * TR2)]
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TB1

TB2

TB3

ADF [(RB1- SB1- C1) + (RB1- SB1- Ci) +
(RBi- SB1-Ci)] +

EOF [(RB1 - SB1) + (RB1 - SBI)] +

IOF (RB1 +SB1) +

ANF (RB1 . SB1) +

CMF - RB1 +

SRM (RB2 + SB2) +

SLM (RB¢ + SB@) +

RL4 (RB13 + SB13) +

RSM6-9 . SRAX2,X3,X6 or X7

ADF [(RB2. SB2 . C2) + (RB2- SB2 - C2) +
(RB2 - SB2- C2)] +

EOF [(RBZ . SB2) + (RB2 - SB2)] +

IOF (RB2+ SB2) +

ANF (RB2 - SB2) +

CMF - RB2 +

SRM (RB3 + SB3) +

SLM (RB1 + SB1) +

RL4 (RB14 + SB14) +

RSM6-9 - SRAX4, X5,X6 or X7

ADF [(RB3 - SB3 - C3) + (RB3 -SB3 -C3) +
(RB3 - SB3 - C3)] +

EOF [(RB3 - SB3) + (RB3 - SB3)] +

IOF (RB3 + SB3) +

ANF (RB3 - SB3) +

CMF - RB3 +

SLM (RB2 + SB2) +

SRM (RB4 + SB4) +

RL4 (RB15 + SB15) +

RSM6-9 - SRA1X, 3X, 5X or 7X
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TB4 =  ADF [(RB4 - SB4- C4) + (RB4 - SB4. C4) +
(RB4 - SB4- C4)] +
EOF [(RB4 - SB4) + (RB4. SB4)] +
IOF (RB4 + SB4) +
ANF (RB4 - SB4) +
CMF. RB4 +
SRM (RB5 + SB5) +
SLM (RB3 + SB3) +
RL4 (RB{ + SB@) +
RSM6-9 . SRA2X, 3X, 5X or 7X
TB5 = ADF [(RB5. SB5 . C5) + (RB5- SB5 - C5) +
(RB5. SB5 - C5)] +
EOF [(RB5. SB5) + (RB5 - SB5)] +
IOF (RB5 + SB5) +
ANF (RB5- SB5) +
CMF - RB5 +
SRM (RB6 + SB6) +
SLM (RB4 + SB4) +
RL4 (RB1 + SB1) +
RSM6-9 . SRA4X, 5X, 6X or 7X
TB6 =  ADF [(RB6 - SB6 - C6) + (RB6. SB6- C6) +
(RB6 - SB6 - C6)] +
EOF [(RB6 - SB6) + (RB6 - SB6)] +
IOF (RB6 + SB6) +
ANF (RB6 - SB6) +
CMF. RB6 +
SRM (RB7 + SBT) +
SLM (RB5 + SB5) +
RL4 (RB2 + SB2) +

2-11



TB7 =  ADF [(RBT7- SB7 - CT) + (RB7 - SBT - CT7) +
(RB7 - SB7 - CT)] +
EOF [(RBT - SB7) + (RB7 - SB7)] +
IOF (RBT7 + SBT7) +
ANF (RBT7 - SB7) +
CMF - RBT7 +
SRM (RBS8 + SB8) +
SLM (RB6 + SB6) +
RL4 (RB3 + SB3) +
TB8 = ADF [(RBS8 - SB8 - C8) + (RB8 - SB8 - C8) +
(RB8 - SB8 - C8)] +
EOF [(RBS - SB8) + (RB8 - SB8)] +
IOF (RBS8 + SB8) +
ANF (RB8 - SB8) +
CMF - RBS8 +
SRM (RB9 + SB9) +
SLM (RB7 + SB7) +
RL4 (RB4 + SB4)
TB9 = ADF [(RB9 - SB9 - C9) + (RB9 - SB9 - C9) +
(RB9 - SB9 -C9)] +
EOF [(RB9 - SB9) + (RB9 - SB9)] +
IOF (RB9 + SBY) +
ANF (RB9 - SB9) +
CMF - RB9 +
SRM (RB1¢ + SB10) +
SLM (RBS8 + SB8) +
RL4 (RB5 + SB5)
TB1¢ = ADF [(RB1¢- SB1¢- C10) + (RB1¢ - SB1{ -
(RBT§- sBig- Cig)] +
EOF [(RB1¢- SB1f) + (RBI§ - SB1§)] +
IOF (RB1¢ + SB10) +
ANF (RB1§ - SB10) +
CMF - RB1j +
SRM (RB11 + SB11) +
SLM (RB9 + SB9) +
RL4 (RB6 + SB6)
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TB11 =  ADF [(RB11- SB11- C11) + (RB11- SBI1 - C11) +
(RBI1 - SB11- Ci1)] +
EOF [(RB11 - SB11) +(RBI1 - SB11)] +
IOF (RB11 + SB11) +
ANF (RB11 - SB11) +
CMF - RBI11 +
SLM (RB1§ + SB1¢) +
SRM (RB12 + SB12) +
RL4 (RB7 + SB7)
TB12 =  ADF [(RB12 - SB12 -C12) + (RB12 - SB12 - C12) +
(RB12. SB12 -C12)] +
EOF [(RB12 - SB12) + (RB12 - SB12)] +
IOF (RB12 + SB12) +
ANF (RB12 - SB12) +
CMF- RBI2 +
SRM (RB13 + SB13) +
SLM (RB11 + SB11) +
RL4 (RB8 + SB8)
TB13 =  ADF [(RB13 - SB13 - C13) + (RB13 - SB13 - C13) +
(RBT3 - SB13 - C13)] +
EOF [(RB13 - SBI3) + (RB13 - SB13)] +
IOF (RB13 + SB13) +
ANF (RB13- SB13) +
CMF - RBI13 +
SRM (RB14 + SB14) +
SLM (RB12 + SB12) +
RL4 (RB9 + SB9)
TB14 = ADF [(RB14 - SB14 - C14) + (RB14 - SB14 - C14) +
(RB14 - SB14 - C14)] +
EOF [(RB14 - SB14) + (RB14 - SB14)] +
IOF (RB14 + SB14) +
ANF (RB14 - SB14) +
CMF - RB14 +
SRM (RB15 + SB15) +
SLM (RB13 + SB13) +
RL4 (RB1¢ + SB10)
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TB15

TS
TSA
Xy
X1
X2
X3
XOR
Y0 /1
Y2/3

ADF [(RB15 - SB15 - C15) + (RB15 - SB15 - C15) +
(RB15 - sB15 - C15)] +

EOF [(RB15 - SB15) + (RB15 - SB15)] +

IOF (RB15 + SB15) +

ANF (RB15 - SB15) +

CMF - RB15 +

SL14 (RB14 + SB14) +

RRS (RBJ + SBJ) +

RL4 (RB11 + SB11) +

EFF - SRG [(T3- TR6 - TR7 - TR8) +

RB15 -
CFID-
CFID-
(TTK -
(TTK-

(T5- TRY - TR1 - TR2)] +
SRG [(TR7 - TR8 - T3) + (TR1 - TR2 - T5)]
CF1
CF1
M12 - M13 . M14) + (M12 - M13 - M14)
M12 - M13 - M14) + (M12 - MI13 - M14)

Mi2 . M13 .- Mi4
M12 - M13 - M14
EIR - IR14 - IR13 - IR12

(TTK -

M13 - M14) + (M14 - M13)

M13 - M14

2-14



computer geography




1-€

HP 2116B  BOARD LOCATION

( FRONT VIEW)

3 1/0 CONTROL 02116-6041| & CoPLeR E- 02n6-6184| — fwgFZ‘EL‘;(Rssmm?lgyge‘_%’goﬁ
S| UOABDRESS  oome-e104 | G| ARITHMETIC . o2ne-eozs| | MmO 02116-6274
S| ¢ om S| PUCVENS,  o2ne-soze| «| PE™ 12591-6001
S| rtvo 2 S| (GOCMENS,  o2ne-eozs| »| 103* 02116 -6265
2| 00 v2rw S| LOUCMETIC  o2ne-eo26| «| spare

S| tuo 1314 =3 N TOR o2ne-6281| o 1D2* 02116 - 6265
S| tuo e 3 })":&;‘DUE%“W o216-6027| ~| spare

S| w0 56 S| SWIFTGIC  0216-6029| | DSY 2/3%  02116-6266
3| o e 3| eau* oan6-6196| ©w| Dsx2/3%  02116-6266
S| rap 17200 2| eav* 02116-6203 | sSA3* 02115 - 6001
2| s0 20720 =| spare =| sa2* 02115-6001
S| rwvo 222 | sPare /ol sAd 02115-6001
S| i 22729 Z| seake al sav 02115-6001
S| to 2324 =l seare =| osvesn 02116-6266
o /0 24725 | seare G| osxp/ 02116-6266
S| tuo 25/26) | Swax e esar| =| 11 02116-6265
2| two 2621 S| oma* 02116-6206| | SPARE

2| +wo  2w30 S| oma* 02116-6205) =| 10@ 02116-6265
@ | #x10 ExTENDER O2n6-6182| Z|  pma* o216-6204| @| SPARE

R | #1/0 EXTENDER O216-6183| S| OMA® o2116-6203| | ML 02115-6044
R | #x¥eYenper  02116-6181 M| MemoryroticT 12581-6001
o roony POWER SUPPLY TEST POINTS | —

R | Hox MEMORY 2 O2m6-6181 N| spare

H OPTIONAL BOARDS MAY BE ADDED AT ANY TIME.

HH- OPTIONAL BOARDS MAY BE ADDED AFTER ADDITIONAL BACK PLANE WIRING
# 1/0 PLUG-IN OPTIONS MAY BE ADDED AT ANY TIME PROVIDING THE CURRENT REQUIREMENTS DO NOT EXCEED
THE POWER SUPPLY RAT/NGS.
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21168 SYSTEM TIMING GENERATOR



€-¢€

INSTRUCTION DECODER

COMPONENT
SIDE (ODD)

33

35

33t REY

39,40 (4.5Volt

41 TRACE)

a3

45

47,48(-2.0Volt
TRACE)

85



¥-€

ARITHMETIC LOGIC BOARD

COMPONENT
SIDE (0DD,

35

27 < KEY

39, 40 (4.5 Volt
44 TRACE)
43

45

47, 48(-20Volt

TRACE)



G-¢

LAMP
DRIVERS

SHIFT LOGIC

COMPONENT
SIDE (ODD)

33

35

37<KEY
39,40(45V
41 TRACE)
43

45
47,48 (-2.0V
TRACE)
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HP 21168 POWER FAIL INTERRUPT

CARD

TP

c6 MCca7
o R24
' x MC27
MC25 R22 Q6
<O
&13%205 MC37
o~ 0® Mmcar
xa O a
Pelat] MC57
BEzpgas
MNON~
EEDTY
pt3e
E2 ae
Q1 Q7 MC87
R7
97 ¢ N
2 MCT ¢ o
cE RS
i Cc1
c2 ¢c3 _ RS R6 NE
E OWE5

c10
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Q1 Q4 Q5

Q6 Q9 Q10
Qﬂ Q15
1691920
Q21 Q24 Q25
226922030
Q31 934Q35
Q36390

Q2
Q7

Q12
Q17

Q22
Q27
Q32
Q37

042 Q41
Q45 Q44
Q48 Q47
Q51 Q50
Q54 Q53
Q57 Q56
Q60 Q59
Q63 Q62

TP4

Q3
Q8
Q13
Q18
Q23
Q28
Q33
Q38
T2
T T4
T3 T6
12 T8
5 -
T10
19
' T2
T
Bl T14
5 T16
TP3

MC16
MC 26
MC36
MC46

MC56
Q65

MC66
Q43
Q46 MC76

Q49 MC86

Q52 Mcos
Q55

MC106
Q58

MC416
Q61

064 MC126

HP 24168 DRIVER/SWITCH CARD

MC17

MC37

MC4T
MC57
MC67
MCT7

MC87

MC97

MC107

Q66

Q67
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HP 21168 INHIBIT DRIVER
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oMIT
6,1,0,Q -

z2 22
23
BB 24

MC1

MC11

mMc24
MC34
MC41
MC51
MC61
MCT74
Mce1
MC91
MC4104
MCAH
MC124
MC134
MC144

MC151
MC161

RT @ ot

R17 Q12 M
R27 q22 Q21
R37
R47
RS7
RE7
RT7
RE7
RO7

RAO7

RMT

RA27
RA37
RA4T

R157 @152 Q45
R167 Q162 Q161

MC15

mc25

MC35

MC45

MC55

MC75

MC85

MC95

MC105

HP21168 / HP 2410A SENSE AMPLIFIER
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24

HP 2415A DRIVER /SWITCH



€1-¢

INHIBIT DRIVER

< KEY
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G1-¢

CR74

| R170
" R18O
| 453 R181
cay R176
Q64 " L
cnc728 .
R175 R173
R171
Q61 R172
Q62
R165
(@)
Q53 M RI35 1255 ot
T Cc71
R132
CR70
s B0
Q51 Q50
R131

R182

R150

R140
R149
R148 f
R144
CR72
R143
. Q54 R141
L0958 R142
Q56 o
C74 Ri46 R147
R155
R159 e
Q58 Q57 R157
Q59 R158
Q60 - F o186 ﬁ
R162
PR Cog
c73

HP 21168 MEMORY SUPPLY REGULATOR
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HP2116B CAPACITOR BOARD (A303)
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HP 24168 LOGIC SUPPLY REGULATOR
(A301)



81-¢

R4TO
CR33 CR35 CR34 CR36

CR38 CR37CR40 CR39

CR32 CR24 CR16 CR8  ,,nzs
CR31 CRI7 CR14 CR6 "C35

CR30 CR22 CR11 CR4

CR25 CR19 CRT3 CRS MC45

CR28 CR20 CR12 CR1

CR29 CR23 CR9 CR2 MC55

CR27 CR21 CR10 CR3
CR26 CR18 CR15 CR7

MC25 f"[. .

Wess

HP 21168/2115A 170 ADDRESS CARD

MC17

mea7.

MC37



< KEY

35
37
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HP 2116B backplane wire list
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ERCATED. R NECTIONS o, T i o Fn A7 T resg Tie / §30 053‘”” [o% & Colleetor 134, 0V power control connector J2 is used.
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Power Supply Assembly
(02116-6124), Schematic Diagram

FOR TRAINING PURPOSES ONLY 6-12



2R EoE e PRLS PeL
BOARD REV. P21 SR e 1! s e —— —  — — —
e e A3z 46 A3 53 578
|  ERT T w4 e w2 I
I REMOVE JUMPER:
| (1IWd FOR MEMORY el |
| PROTECT i 2 (S 6 e St bed g
RIW2 Foe DMA c
| ! 590\ 14 (3) NOTES 1 AND2 APPLY ONLY R24. Z 8 -3.‘0|MD
2 70 CARDS (NSTALLED = E
e ] IN MODEL 2/(GA 510 7|¥% [ 3G9
0253 —E0352 IOG'S
> = )3 Ty 27\ 2 al Ao > INT
(—:l{‘g | ‘447 ( 63/ BJ 28
19010040 Lo55 os5z 0956 |
8 3 2 2 |
7 9 13 —2127\13
e | L B | ) 7 =
0953 0972 . b o0°56 |
&i | PRESET
Rz 25 LAMP
33 '
2N 3043
1854-0246 l
+45>—215N\ 13 T = »l PORP
« 5§
0553 I
] I
R26 SRIO ' FROM
205K 2 (00 THERMAL
) LW 1% 52‘ SWITCH
CR3>R5 $SRG ,jF /s ‘
190I- £390 $ I& '/z";i '
002s [ 1% e |
R7
l cr2 o/180-0037 = IOK R22 |
/201-012) 470
‘ -12 3 |
b |
R23
| R4 |
| 150 0040 -+
4.3 '/a\v S /o |
| L ca -2 2lonud 2V +4.5V +4.5V
44 ] 22 im 2] acomw ’
l—— g = 1902- 007!
B SN +1Z . —
% 1 ’
| et l
e M 22 _t
o L Yo 47 s8 Y |
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Power Fail Interrupt

Card (02116-6175), Logic Diagram
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Diagram
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NOTES:

1. PIN 5 ON ALL MICROCIRCUIT PACKAGES IS GROUND.

2.PIN 11 ON ALL MICROCIRCUIT PACKAGES IS
3. PIN 12 ON ALL MICROCIRCUIT PACKAGES IS

=2V %= 5%.
+4.5V +5%.

4. PINS 8 AND 14 OF 1820-0968 ARE CONNECTED TO +4.5V.
UNLESS OTHERWISE INDICATED ON A LOGIC DIAGRAM USING

THE MICROCIRCUIT PACKAGE.
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Simplified Logic Diagram of 1820-0957 Microcircuit Package

_______________ A
|
|
I
‘ +FF4 ' +FF2 13)(SET) l3 7]
14 13
—D— 10)(RESET) 1 FF
Y i T =
| 8(or9) I 10
6 z]
|
+45V -2V L I SYMBOL
I
IF DURING CLOCK PULSE__I L NEW OUTPUTS AFTER PULSE
INPUTS ARE___[AND OUTPUTS ARE DROPS WILL BE
14 8 SET RESET SET RESET
1 1 1 0 1
1 1 0 1 1 0

Simplified Logic Diagram of 1820-0967 Microcircuit Package
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1820-0127

*1820—0069

1820-0054 1820-0068 1820-0074 1820-0070
S
1 | 14
2 2 13
A
3 3 12
B
4 4 n
5 5 10
6 6 9
7 2 3 8
= c
1820-0063 1820-0074
%%1820-0072 x % 1820-0084 1820-0328 1820-0304
S NS
(6 14 1 n
A
2 = i B
l 51" KR CLK (1]
|
| 5 K
~ P T g
I
. - : =1 R
|
| 8 7
L NOR L o
1820-0076 1820-0301

1820—-0077
U

% 1820—0069 EACH GATE IS CAPABLE OF DRIVING 10 FAN-INS
1820—0071 EACH GATE IS CAPABLE OF DRIVING 30 FAN-—INS

X% THE DOTTED LINES WITHIN THE MICROCIRCUIT PACKAGE ARE

FOR THAT MODEL ONLY.

Logic Diagram for Microcircuit Packages, Top View
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TO I/O DEVICE

1820-0306

CA3028
@ OUTPUT A

1820-0374

Logic Diagram for Microcircuit
Packages 1820-0306 and 1820-0374

[mc11 | [mciz]| [mc13]| [mcra| [mcis | [mcte | [mci7 |
mc21 | [mcez| [mces| [mcza| [mces| [mces| [mce7 |
Vs S o S s
s el et s Ml e i
e e s -
SREE “hepr Yms SRES FNDE
. I S
T T e
[meot] -4—- -4- -+- -4~ —+4- [mcor
el e I e il
e R o o oo o
[mcte1]| [mctez2] [mctes| [mcrea| [wcies| [mcize|  [mcie7 |

—

NOTE: A Microcircuit Package always assumes the reference

designation assigned to its location on the card as
illustrated in this figure.

Microcircuit Package Locations
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4 3 2 1
REVISIONS
SYM DESCRIPTION DATE APPROVAL
A REVISED PIN CONN Le 6-13-67
B |ACCED C4-25,03,17EMITTER RES.
: RIG7 =169 REVISED PIN CONN LG |912-67].-
| C _|ADDED |7 VARIABLE RES L6 l013-6
AND_MKT CIRCUIT :
D [REMOVED MRT CIRCUIT Le |iosler].
l
sTI sT2 T3 sTa TS sT6 sT7 sT8 ]
i\ lf\ LF I/F EI\3 2/’1 1 BTS
——--FF--1 r-----1-- e Bl G r--—--19--17 r---4-1- -9 r--—I-1-=-A === = r-——---1- -4
| | 9 | I 13 | | 9 | | 13 | | 9 | | 13 | | 9 | | 9 |
| | 1 I I | I | I I I | | I I | i
15 | 25 25 35 | 35 | a5 ! 45 | 5
: ' 8 "6 ' 18 "72 ! : 8" 6 ! b ! 8 ¢ \ a2 ! bl e 6 ! s ¢ !
| | | [ | | | | | | | | | | | | |
1 | | | ! [ | 1 | | | | 1 | [ | |
| | an cs Ql2 | , 621 ce Q22 | | [ek]] c7 Q32 | | Qal c8 Qa2 | | Qs c9o Q52 | | Qel Clo Q62 ) | Qi Cii Q72 | , Q@8I Cilz G@a82 ,
| | RIS | | R25S | | R35 | | R4S | | R55 | | R65 | | R‘}S | | R8BS |
i
X |
! Fair ! " r27 ! ' ra7 ! ! Ra7 ! " rs7 ' RG7 ! ' r77 ! ' re7 !
| | R14 | | R24 ! | R34 1 1 R44 | | R54 | | R64 1 I | R74 | | R84 |
| I | I I I | 1 | | I | I bl I ) |
TYPICAL RI6E  MC R26 MC R36  MC Ra6 MC R56 MC R66  MC R76  MC R86  MC
| | | I | | 2 [ [ 3l I 1 o [ | 5\ 1 I o | | b} | 1 o |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | 1 | | | 1 | | |
[ ! I | | | | | ! 1 ! ! | | [ | | 1
| . | | | [ | | | { | 1 1 1 | [ | | (
| a1 Az I I RIl RI2 | ' Rzt r22 ! | R3) rR3z2 | I rai Raz2 ! I Rs rs2 | I Rel rRe2 | - r72 ! Y re2 |
| 100 100 | | | i { 1 | [ 1 | [ | | ! [ 1 1 _>a
| | | l ] [ | 1 ] 1 | [ | | [ I [ [ |
| I 1 ] [ 1 1 | | . | I 1 | i 1 1 | I +—T*
| RS | ) RI3 | ) R23 | | R33 | | \ | R53 | | R63 | | R73 | | R83 | | 2
| | \ | I | | 1 | 1 | 1 | | [ 1 1 | |
[ = | | | [ | | | [ | [ | 1 | | | | | —le
| I | | | 1 | | | 1 I ] | | | I I I +— 1320
| 1 | | [ 1 | [ | | I | [ | - | 1 1 | |
S e A O ]
4 14
A | B 2 c 3 D 4 £ 5 F 6 H 7 J 8 K 9 | —28
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I | ! | | l 1 1 | 1 | | I | I Ly L 1
| [ ' I | I [ I | | | I ! I I U = peeee
| | | | | | | | | | | | | | | [ ¢ 1y84DscC
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I | | | I 1 1 ! | I | I | | P $———p8I SAC
MC MC MC | MC MC MC MC Bl 83 MMD
| L RIO7 |0y | I RUIT m | 1 RI27  j2) | | RI137 131 | I RIg7 141 | I mris7 151 | I rig? -16! | | 13 | — >4| !
| | | | ' | I I | | | I [ | JSSE*———%V MST
| | 1 1 1 ' \ 1 | | | | P 1820 \—'14 2 4smPT
: | RIO4 | \ RII4 l | RI24 | | RI34 | | RI4 4 ' \ RI54 | | ER|64 | | 0974 ], ,)49MM02
| !
!
| | RIOS | | RIIS ) | RI25 | I Rizs | | RI4s | | RISS | | Riles . ———————50MMDy
| | QI01  Cl4 Q102 | Qi c1s aQnz | | Ql21 Cile  Ql22 ) : Qi3 ci7 Q132 lQlar Cl18 Qa2 | 1 QIst Cl9  @is2 | I alpl c20  qi62 | : J' l‘r l+ Jf l L l l+ 1,
I | I | I ! ! I ! ! ' ! ! . L)y g.zzi:+ + o o
c2| [C22C3 o c2s + I
I 1 8 6 : [ 14 2 : 1 8 6 : X 14 2 | : 8 6 | : 14 2 : : 8 6 : 1| |ez [22]22|coa $2; ca |a2mg :
! | 75 : 85 : 85 | 95 ' | 95 : | 105 | \ 105 L e 20218 2;2“4 |
! ! 5 ! 13 | E) | | 13 ! 9 13 ‘ 9 | - —
| | | | | | | | | | | | [ | -2 |
Coooddeoo  bo--d P - SR D EE ECEEE Y T N P ) - eI CERI R S L
. \L — \L T | —
! ! | e M A S A
86 PIN 51 55 59 63 67 71 75 ! 79 43,44 47,48 39,40 69,70 1,2 85,86 ]
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| ]
NOTE ¢ Sense Amplifier
UNLESS OTHERWISE NOTED @REF DES (MCI5) ‘ HP 2115A
ALL INTEGRATED CKTS ARE 1820-0306 |
ALL TRANSISTORS ARE 1853-0036 i FOR TRAINING PURPOSES ONLY
ALL RESISTORS I/BW 1% MF

7-6




L=

REVISIONS

sYM I DESCRIPTION DATE APPROVAL
A |ADDED CO- 22,Q17-33,CHG PACK NOSB-17-6
B 'ADDED C23-23,DELETEDRI7-33LG  1040-6 -
C RI7-26 LG 12567 —
86 TRO TRI TR2 TR3 TRa TRS TRE a7 TR? alg  TRE ]
PIN CONN 6 4 14 8 22 12 RI8 28 20 30 —
LWSK 15K 1.5K
H T Tr T R e Ll r
50 roe! e 5| r- o r s | Fa 5 ! [t Ma 5|
1 | | | | | | | | | | | | | | |
L' A 1g2% 1 1S 13 P |356 1 le |
lg o ! ez ! lg 1o ! Lig 5 ! "9 10 ! l's o ! e 13 ! ’ o |
1 | 1 ] 1 | 1 1 | | I 1 1 1 1° 1
| 16 | | 26 ] | 26 ] | 36 | | 36 ] | 46 | | 56 | | 56 1
M I L' I L L % L L
f 1 1 1 I l | 1 1 1 1 | 1 1 | 1 1
c 1 1 [ 1 | [ [ 1 1 1 1 1 1 1 1 !
A l | | 1 | 1 1 | | 1 [ l 1 | 1 !
l ! 1 | | l 1 [ | | | [ 1 [ | l
lar as| 162 aqigl 1 a3 qeol 1 aa q2il 1a5 @22 I a6 Q23 | a7 qa2al | a8 Q25
1 ] 1 | 1 | 1 1 | 1 1 1 1 | ] [
1 1 | [ 1 1 1 | 1 1 1 1 1 | 1 1
R R R R R7 CR8
| CRI X | CR2 | CR3 | , CR4 | | CRS | |CG | ) © | | \
IRt ci! lr2 c2l I r3 c3l 1 rRa cal Irs csl I R6 6l 'R7 c7! | R8 cel
| I ! | | | | | | | | | | | |
T U N BN AN ! J' NN T
2 B 3 4 D 5 £ 6 _F 8 J_ R
10, ID, I0, IDa Ip, IDa ID, IDa IDg IDs 105 IDs I0; ID. IDs I0s
ID,o ID,o ID, IDy IDs,2 IDi2 IDis IDiz I0w ID‘Q IDs IB.; ID/‘ ID/A
w 20 X 21 Y 22 23 AA
']‘_ |
K SR O S S S S S S S SR S S
,mo cuo, | R €Iy | RIZCIz | RI3C13 | RIa cml | RIS CI5 ,me cus. )
| 1 l 1 1 | I | | 1 | [ [ 1 I
T lcrio ! lean ! leriz ! Yemz ! "ermia ! Vems ! "erie ! l
M | | | | | | | | | | | | | | |
P 1 I 1 | l | 1 | 1 1 | | 1 1 |
H 010 @27 all G628 Ql2 629 QI3 @30 Q14 Q3! Qs Q32 Qle Q33
L | I I I I [ I I I ! [ | ! | |
A 1 i | [ | [ 1 | 1 | I [ 1 1 |
1 1 | | | [ 1 | | 1 [ | 1 1 |
| | | | | | | | | | | | | i |
1 | 1 1 | [ 1 | | 1 1 [ ] 1 1
| 8 | | o | 8 1 i Hoo | 8 | | no 1 8 | 1 -——-!* =
I | I I | I ] I I I JCN iy
66 86 86 se | %6 ' oe P o ! ! -
ls o ! iz 13 | g 10 | liziz | log 10 | h2is | lg o | - C24 2.2 1t N
| & | |3 | | 6 | I3 | | | 13 | I e | c25 3.2n )
! i ) | I ! I ! I I I I I I Eeithes
66 86 86 96 96 106 106 =485
1a 5 | b2 la 5 | o2 la 5 | 12 | 1a s | = | 86
—_—— = . -— - . -— _ 1 -— - ' — —_— ' — -— . — —_— g ]
[ L [T [ [ [T -r [T [ R "—B;' 39 —
$——-2 -2 -2 $——-2 -2 $g—A— -2 ,:-—-| 40 —
Se Re0 R23 c. Re2 R25 R24 R26 / ‘T cozi ] 7 7 —
86PIN 15K 15K 6 sk 76 sk 74 5k 82 80 5% 54 52I0C(4K) = z.z;w_f—? 4
CONN TRI0 RTl RI2 TRI3 TRI4 TRI5 RT6 MIT Mi2(8K) | —2—8—548 ]

NOTE

- UNLESS OTHERWISE NOTED
ALL DIODES 1901-0050
ALL TRANSISTORS 2N3643
ALL RESISTORS 1/4W 5%

LOCATION (MC 24)

FOR TRAINING PURPOSES ONLY

Inhibit Driver
HP 2115A




. R N'; PART OF RUN SWITCH
S R %
i HaLT ' PART OF HALT SWITCH
L---- +7V
aoig-7 SEZ T T TTTT IO G i A~ oo -
AOI3=8 > |
AOO8-H | Fe---- - i
Aoos-uz: | A00B-20 |29 EXTEND @ 0S86 [DSI g TO 4 :
4010 - 142! <3 | AoOS-a |¢A OVERFLOW g 0S85 {052 @ T 5.,
AOH =142, INS[%UOCZJION | a0i3 -3 : 2 FETCH g DS84 [ DS3 @T2 2 :
A012—|+2: | AOIZ -4 3 INDIR @ Ds83 [ 0S4 g T3 Loy
AOI3=1+2 I a0z =5 1&l EXEC @ D382 | DS5 7 T4 4 :
B3 6 GND| | A0OB-18 | (8 PARITY @ DS6I $ D056 @Ts 3.,
cogATN%ciL, p:fss : AOOS -3 : 17 BIS ([ DS80 | DS7 [ T6 2 :
: LOOP | A00S -4 !B Bl4 g DS79 | 0SB @ T7 L)
AOO8 -M I A0OS —5 1¢12 BI3 @ D578 1 0SS T8 4 |
ACO8-E | : A0OS —6 : 20 812 & DS?7 | DSIO & TS 34:
: ° MEN?Cl)RY I aoi0 -3 12 BIl & 0S76 | DSIl_ 5 TIO 2 ,:
Aooe—|7'<'7—§1 .o  OFF ', AOI0 -4 :JB BIO @ DS75 | DSI12 4 TiI Ly
AOOS-F: £ | a0I0 —5 1¢12 BS @ DS74 | DSI13 g Ti2 4 \:
o 1 AOIO —6 :ﬁeo B8 4 DS73] DSI4 4 TI3 3,
AOIl =3 12 B7 @ DS72 | DSI5 4 Ti4 2
AOII -4 : 18 B6 @ 0S7I | DSI6 5 Ti5 | :
AOIl =5 1¢l12 BS (@ DS70 | DSI7 g PO 8 I
A0l —6 <20 BA & DSE9 | DSIB g Pl 7.
poi2 -3 1T B> 7 DS68 ] DSI9 m P2 6 |
oIz — 4 |18 B2 G DS67) DS20 & P3 5|
po12 -5 112 Bl @ DS66] Dps21 g P4 g |
A012 -el 20 BO @ 0S65] 0S22 g Ps ; :
2005 -10 | 2 AIS @ DS64| DS23 G P6 6 !
009 - 5 |14 A4 @ DSE3] DS24 g P7 5 |
A00S — 8 ¢l AIZ G DS62 ] 0S25 G P8 g !
AOOS =7 : 18 Al2 @ DSEI | Dszé g PO 7;:
A0I0 —10 |2 All @ DS60) DS27 @ PIO [N
AOIO — 9 : 14 AIO  m DSSS | DS28 g PII 5 :
2010 — 8 &2 AS (@ DS58. 0S29 g PI2 8 I
010 - 7 | ¢l8 A8 G DS57] DS30g PI3 7.
AOI — 10 112 A7 @ DS56) DS31 G PI4 N
aoi -9 ¢t A6 @ DS55] DS325 PIS 5 .
AOI — 8 118 AS @ 0$54] DS33G MO 12!
AOII - 7 'Iﬁ'e A4 @ DS53) DS3ag Ml 0 :
AOI2 - 10 |3 A3 @ DS52] DS354 M2 10 \!
a0z - 9 | ¢l8 A2 G DSSI| DS36gH M3 5.
A0I2 - 8 18 Al @ D0S50) DS375 M4 2 !
polz -7 |¢1& A0 g 0sd9y pssegMs 0oy,
A009-10 1&2 MIS g DS48] DS39z M6 10!
ACOS —13 : 10 M4 @ 0S47] DS40g M7 S5,
ACOS - 14 ¢l MI3 o DS46) DS41g M8 1241
AQOS — 12 : le_wme @ DS45) DS42@ M9 IIA:
AOI0 =13 1¢2 MiL @ DS44 0Sa3@ MIO 05!
N |

FOR TRAINING PURPOSES

AOQI2-21

ACl12-22
AO12-20
AOI12 - 16

AOII = 21

AOII — 22
AOIlI =20
AOIl — 16
AOIO - 21

AOIO— 22
AQOI10— 20
AOI0 — 16
AQCOS — 21
AQOOS - 22
AQO9 -20
AQOOS — 16
AOI12 -5
AOI2 — g8
AQI2 - 19
AQI12 - 17
AOIl -~ 15
AOIl — 18
AOCII — 19
AOHI =17
AOIO — 15
AQCIO — 18
AOIO — 19
AOIO =17
AOOS — I5
AOOS - 18
AQO09 - 19
AQOS —17
AOI12 = |l

AO12 T 12
AOI12 - 14
AOI12 =13
AOIL — 11
AOIl =12
AOIl - 14
AOIl — 13
AOIO - 1I

AOCIO -12
AOQI0 - 14

Display Board And
Run Halt Lamps
HP 2115A

ONLY
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CONN.
Al/A2
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Gl
'y
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5 I c7
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oI 11 aI 31 41 : 51 GI 7 co
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1,A 2,B 3,C 4,0 5 6,F 7,H 8,J 9,K 10,L 11,M 12,N 13,P 14,R 15,8 16,T

CONN.
Al/A2

24,BB

23,AA

22,7

21,Y

20,X

19,W

18,Y
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DESCRIPTION

DATE APPROVAL
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CONN.
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o X
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10,L 11, 12,N 13,P 14,R 15,S 16,T

COUNN.
A1/A2

24,BB

23,AA

22,z

REVISIONS

DESCRIPTION

DATE

APPROVAL

NOTE:
CURRENT DIRECTION ASSIGNMENTS
MODULE 0 !PDDUL! 1
COMMON ANODE WRITE READ
COMMON CATHODE READ WRITE
DIGIT ASSIGtiMEIITS A3 - INHIBIT A4 - INHIBIT | |
AG - SENSE A7l - SENSE | |
Wiring Info
HP 2115A
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PRESET
Sio8

RUN
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HALT
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LOAD MEM,
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LOAD A
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LOAD B
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REVISIONS

DESCRIPTION DATE

APPROVAL

I'_CRowaAn BOARD ASS’Y —:
| 02115-6020 |
! o +4.5 VOLTS
| CRG I'
| R7 Q3 190/- 0024 |
100

| ’Z CR! RII |
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! T4V noo§ ! 7 1864
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|
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Crossbar Assembly
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laboratory projects




Lesson:

Objective:

Problem:

Lesson:

Objective:

Problem:

Laboratory Project # 1

Logic Control and Timing

To give the student practice in using the Logic Equations and Backplane
Wire List.

Find the source of the RBRB control function. Find and list the source
and distribution of all logic signals required to generate RBRB when the
B-Register is addressed as memory location 00001,

Laboratory Project # 2

Logic Control and Timing
To give the student practice in using Truth Tables and Boolean expressions.

1. Write the Boolean expression for the circuit below:

L L
T D— D
D—'_D_r

c
B

2. Reduce the equation obtained in step 1 and construct the circuit for

the new equation.

3. Construct a Truth Table for the circuits derived in steps 1 and 2.
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Laboratory Project #3

Lesson: System Timing and Control

Objective:  To ensure that the student is knowledgeable of the time relationship

of certain control signals.

Problem: Draw a timing chart consisting of actual waveforms observed when
viewing the following signals, (FETCH phase only):

a. MRT
b. MWT
c. MST
d. MRT
RST
RMSB

Procedure: 1. Store the instruction LDA @#@@16@ in memory location g8g1gd.
2. Load address g@@106@ into P & M Registers.
3. Depress PRESET and set the PHASE switch to LOOP.
4. Depress RUN.

5. Adjust the oscilloscope such that one time period equals one

centimeter, i.e. Tf = 1 cm.
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Laboratory Project #4

Lesson: Memory

Objective:  To give the student experience in making the sense amplifier adjustment.
Problem: Properly adjust the sense amplifier circuits.

Procedure: 1. Open the front cover from the HP 2116B Computer.

2. With POWER off, disconnect the core stack connector from the
Sense Amplifier board SA-0. Remove the board from the slot
and install an Extender Board in its place. Then plug the Sense
Amplifier board into the Extender, and reconnect the core stack
to the Sense Amplifier using an Extender Cable. Switch POWER on.

3. Set SWITCH REGISTER to 000000 and press LOAD MEMORY,
LOAD ADDRESS, LOAD A and LOAD B.

4, Set SWITCH REGISTER to 070000 and press LOAD A; then press
SINGLE CYCLE once.

5. Set PHASE switch to LOOP (rear of front panel).
6. Set SWITCH REGISTER to 177777 and press LOAD A.
7. Press RUN.

The Computer will run continuously with all T-Register
lights on, indicating that 177777 is being stored in all

memory locations.

8. Connect oscilloscope synchronization input to the test point
on the Timing Generator Board.

9. Consecutively connect the oscilloscope vertical input to the
collectors of the output transistor pairs (Q1/Q2, Q11/Q12,
Q21/Q22, etc. through Q161/162) and adjust the corresponding
balance adjustment (R7, R17, R27, etc. through R167) for the
cleanest possible pulse. Use only the first displayed pulse for
observation; disregard succeeding pulses. See Figure 2 for

correct ‘and incorrect waveforms.
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10.

11.

12.

Laboratory Project #4 (cont. )

Press HALT. Switch POWER off. Remove the Extender Board
and Cable, install the Sense Amplifier board in its normal
position, and set PHASE switch to NORM.

If the Computer has an 8K memory, repeat steps b through k
using the other Sense Amplifier Board, SA-1.

Disconnect oscilloscope leads, and replace Computer cover.
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Lesson:

Objective:

Problem:

Laboratory Project #5

Input/OQutput System
To teach the student how to analyze I/O system failures and how

to troubleshoot the I/0 system.

While executing the accompanying program, the operator found the
computer "hung' in a loop. He halted the computer and reinstated
his program. The computer then read one character and ""hung"

in the same loop again.

SAMPLE PROGRAM FOR LABORATORY EXERCISE 5

Set B=g

Set A=6

Set 500 = @

Set 600 = 1¢

Set 601 = @

Set 14 = #161@@ (JSB to 100)

MAIN PROGRAM
STARTING ADDRESS = 3¢¢

3g¢ = 162168 (STF £6)

361 = 163718 (STF, CLF 10)
3@2 = 46500 (ADB 58)

303 = g46@01 (ADB g1(B))
304 = §72600 (STA 600)

305 = #36601 (ISZ 601)

306 = #26302 (JMP 302)

307 = §26302 (JMP 302)

8-5

INTERRUPT SUB-R OUTINE
STARTING ADDRESS = 10¢

16¢ = RETURN ADDRESS
161 = 162510 (LIA 19)

162 = 18371¢ (STC, CLF 16)
103 = 126189 (JMP, I 160)



study assignments




Section 1:

Section 2:

Section 3:

Section 4:

Section 5:

Section 6:

STUDY ASSIGNMENTS

Answer questions on pages 1-16, 1-22, and 1-45.

Read pages 2-1 through 2-66

Answer questions on pages 2-3, 2-4, 2-23, 2-24, 2-40, 2-21,
2-58, 2-59, 2-64 and 2-66.

Read pages 3-1 through 3-26.

Answer questions on pages 3-7, 3-8, and 3-26.
Read pages 4-1 through 4-36.

Answer questions on page 4-36.
Read pages 5-1 through 5-42.

Answer questions on pages 5-30, 5-35 and 5-38.
Read pages 6-1 through 6-43.

Answer questions on pages 6-8, 6-7, 6-19, 6-21, 6-41 and 6-43.

Read pages 7-1 through 7-16.
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World-Wide

Hewlett-Packard
Sales & Service Call your HP Computer Specialist
at any of these convenient locations:

UNITED STATES

ALABAMA
Huntsville
Tel: (205) 881 -4591

ARIZONA
Scottsdale

Tel: (602) 945-7601
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Tel: (602) 298-2313
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Tel: (213) 877-1282
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NORTH CAROLINA
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OHIO
Cleveland
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OKLAHOMA
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Tel: (703) 282-5451

WASHINGTON
Bellevue
Tel: (206) 454-3971
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BRITISH COLUMBIA
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Tel: (604) 731-5301

CENTRAL AND SOUTH AMERICA
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Tel: (204) 786-7581

NOVA SCOTIA
Halifax
Tel: (902) 455-0511
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Tel: (613) 722-4223
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Tel: (416) 249-9196
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Pointe Claire
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Hewlett-Packard S.A., Rue du Bois-du-Lan 7,

1217 Meyrin-Geneva, Tel: (022) 41 54 00

FOR OTHER AREAS NOT LISTED, CONTACT:
Hewlett-Packard Export Marketing, 3200 Hillview Ave.,
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