Flip-Flops & Variations

Basic Flip-Flop

* Qgoes 1if nSE=0 at —edge of T

* Q goes 0 if NRE=0 at —edge of T

* No change if nSE=1 & nRE=1 at trigger
+ Undefined if nSE=0 & nRE=0 at trigger

D Flip-Flop

* Qfollows D at —edge of T

Separated Triggers
* Qgoes 1 if nNSE=0 at —edge of ST
* Q goes 0 if NRE=0 at —edge of RT

Gated Load

« Qfollows D if LD=1 at —edge of T
« No change at trigger if LD=0

22K : :
! : 22K : Gated Toggle
: : : AW :
! +—=>Q : 47p'L T Q And with Synchronous Reset.
L4 ! Toggle Flip-flop i T : Variation on Gated-Load:
TS{ : - Qinverts on —edge of T > J_ : Q follows nQ if TE=1 at —edge of T
: : : 47p :
: 47p . L : Jo nQ « Qtoggles if TE=1 at —edge of T
: : 2K : » Qgoes 0 if NRE=0 at —edge of T
22K RE—— 1 :
AND AND Gate Wired-AND Discrete Gate Construction
ate with ‘wired’ input Gate

A few gates are constructed from discrete diodes and

% e resistors. A wire—AND construction is indicated by the
::lD }—|> 3—‘> input line traversing the width of the gate.
>
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Bit & Digit Timing
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« CPW measured as 0.5 pS.
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Figure M1

Register-Level Functional Model
N
ADO
> AD M2 Register M1 Register D Register C Register A Register
SCT4 SCT3 SCT2 SCT1 SCTO
BD B Register
SCTO0::4 B
BDO J
Figure M2
Delay-Line Storage Organisation
with Idle-State Bit Paths at Time TBO of TDO of SCTO
Acoustic Delay Line
1341uS
1086uS 255uS
258uS 272uS 272uS 272uS § 12uS :
P 129 bits ; 136 bits ; 136 bits ; 136 bits : 6 bits : 128 bits ;
11346 1088 816 54 272 260 08 64
P2 2 1 1 D D © © A A AlsfA]B]A BlAlB[A
16 of [1e of [1e of [1e of (1] [16] |[1sfte]16]15]15 ofofjo]o
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Awa Aws R

-

1360 1356 1352 1348|1344

2 2 2 2

16 16 16 | 16

W 4 2 1

AD

<register> [ = A,B,C,D,1,2
<digit> |=0(LSD) ... 16 (MSD)

<bit> =1,2,4,W
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Head Adjustment Screws

Adjustable ==~
Fo %
v

Adjustable ==}
1

Adelay: ~ 80 ns / turn 6y4 Oy
R: CW +delay Al A
WB: CCW +delay of o |—/
2 1
M ADO
274 270 266 262 | 258 6 2
B B B B
16 16 16 16 0 |BDO
W 4 2 1 1
BD J
SD
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Display Latch




Figure M3
Acoustic Delay Line Timing

0uS 4 8 1084 1088 1092 1096 1336 1340 1344 1348 1352 1356 1360 1364
0us 4 8 248 252 256 260 264 268 272 272
-1 318/18 -1 ?44 -1 ?40 -1 ?36 -260 _2|56 _2|52 248 -8 -4 0 4 I8 1|2 1|6 2|0

(500KHz) CPR Ll

CPW

WA

delay line
WA current

WB

delay line
WB current

delay line
read

M reset

ADO

BDO
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Figure M4
Delay Line Read Timing

ous 1uS 2uS
S S [ E—|
M reset input M reset M reset
©PR) L

delay line
read head R

M set input

2uS window
= for pulse —=
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Figure M5
Decimal Encoding

Value | W421
0 0000
0001
0010
0011
0100
- 0101
- 0110
- 0111
- 1000
- 1001
- 1010
5 1011
6 1100
7 1101
8
9

AW N =

1110
1111




Clear : Numeral : DP Entry : Undo

Entry : f Entry
’ KC,KCl:
during ST: N
Idle, display B. 11 =
@ 0=>B, 0=>PB, 0=>SB €, display KP & FN: 1 => FJ1
o KP & FN~
Shift B ——> one digit
PB =1
Clear
Memory
- Shift A <—
KCM1,KCM2: KNML => A[LSD] 12>EN
during ST: 0 => Mn PB += 1 if FJ1 (DP pressed) 1 => FJ1

1=>FN

Queue
Multiply / Divide

Recall
Memory

KMLT: 1=>FMQ, O=>FN
KDIV: 1=>FDQ, O=>FN
if KMS: 1=>FME

if FME:
DP-Align RM1,2

if FME:
DP-Align RB

if FME:

1st: M2 t=B

2nd: if M2<0: 0-B=>B
0=>FME
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Add

Align
M1&M2
to DP Set.

/ Subtract

Align A to DP Setting.

if Accumulate (KA=1):
1st iteration (FJ2=0):
B +=> M1

0-M1=>M1, SM1=SM1~

1st iteration (FJ2=0):
B +=> A

0-A=>A, SA=SA~

1st iteration( FJ2=0):
A=>B, B=>A

2nd iteration (FJ2=1):
if KMN: 1 +=> M2
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Multiply

2nd iteration (FJ2=1) & SUM<O0:

2nd iteration (FJ2=1) & SUM<O0:

Idle, display B.
Align KADD, KSUB & MQ
M1&M2 KA,KMN ' |[KMUL,KDIV & F(M+D)
to DP Set.
0=>D
0=>C

Swap A <=> B registers.
0=>PL

Build product
A-D16:1 =>A
B +=>C

A+Dl16:1 => A
C-B=>C

Shift A <—
1 +=>PL

Move D => B

Undo excess addition & decrement

Accumulate if KA: B +=> M1



to DP Set.

Align
M1&M2

Subtract divisor from dividend,
increment quotient if OK.
C-B=>C

if C>0 : D+=1

Undo excess subtraction
A +D16:1 =>A

Shift C<—-
PB+=1

Align ? to DP

Move D => B

Accumulate if KA: M1 + B => M1
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Align
M1&M2
to DP Set.

Shift C <—

if FJ2~:
Shift D <—
PB +=1

FJ2~ =>FJ2

Square Root

Idle, display B.
0=>FJ2

0=>D
0=>C
B <—-

Subtract root from radicand,
increment root.

C-B=>C

if FJ2~:D += 1

FJ2~ => FJ2

Undo excess subtraction(s).
C+B=>C

if FJ2~: D -=1

FJ2~ => FJ2

Align ? to DP

Move D => B
if KA: Accumulate
B +=> M1



Example Procedure Execution - Subtraction

- DP switch =2

+ M2 mode switch = Count
« Accumulate to M1 = ON

« Current Total (RM1) = 20.00
- Last Result (RA) = 5.00

- New number entered (RB) = 8
« Press —= KEY (subtract)

oms 136 272 408 544 680 816 952 1088 1224 1360 1496 1632
L L L L L L L L L L L L L
TDO” ””” ”” H HHH HHH HHH HHH HHH HHH HHH HHH HHH HHH HHH HHH Hmm
] B 4lo 1:2 3[4]oi1 2 3[4 4loi1 2 3[4]o 1 2 3[4 ] ] ] ] ] ]
scT4 | ] .
KSUB~=>KST~
FD | | T
TN /s L Bt O U B ISR AU U ISR A 5 SURUUUE AN SUDDUUE A SRR S SO
FU |
o § €Co0 e CC130 | cCi3.1 | cCi32 cc12 CC160 | cci6d CCi70 | cci74 CC100 | cciod cooo
; FCo=0% +FCO=1
Fi2 DL=PA | DL=PA | DL=PA
FCo DL>PA [
N o B
: Idle Assess Assess RB<— RB<—- Assess RM1-=RB nil RA-=RB RA=0-RA RA=RB RM2+=1 Idle
Actions | PM PB PB+=1 PB+=1 PA RB=RA
‘ Register contents Mi= 20.00 20.00 20.00 20.00 20.00 20.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00
afterend of state cydle: A= 5.0 5.00 5.00 5.00 5.00 5.00 5.00 5.00 99997.00 3.00 8.00 8.00 8.00
B= 8 8 8 8.0 8.00 8.00 8.00 8.00 -8.00 -8.00 -3.00 -3.00 -3.00
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Square Root Procedure Sample

V2

Radicand Root State FJ2
2 - 0 16 0

2 - 1 16 1

1 - 1 16 0

0 2 16 1
-2+ 2 17 0
0 + 1 17 1

1 1 15 0
10 10 15 1
100 - 10 16 0
90 - 1 16 1
79 - 1 16 0
68 - 12 16 1
56 - 12 16 0
44 - 13 16 1
31 - 13 16 0
18 - 14 16 1

4 - 14 16 0
10+ 14 17 1
4 14 15 0
40 140 15 1
400 - 140 16 0
260 - 141 16 1
19 - 141 16 0
-22 o+ 141 17 1
119 141 15 0
1190 1410 15 1
11900 - 1410 16 0
10490 - 141 16 1
9079 - 141 16 0
7668 - 1412 16 1
6256 - 1412 16 0
4844 - 1413 16 1
3431 - 1413 16 0
2018 - 1414 16 1
604 - 1414 16 0
-810 + 1414 17 1
604 0
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