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THE LOGIC OF THE HUMMINGBIRD I AND IX

General

This section describes the logic of the HBI, which consists of 2 MC/sec

R-series Flip-Chip modules. Most of the HBII logic is similar. See for the

major differences section:

Output /Input Cycle

The logic is shown on Fig. 8 and the timing on Fig. 9. The Selection (SEL)

and Write Gate (WG) signals from the Device selector are nand gated. If both signals

are present a 4 us One-Shot (OS1) is set. The output of this OS is used to:

(1) Strobe

the outputs of the Binary to octal decoder. (2) To produce a Data Demand Signal (DD)

to tell the computer than an output word has been received.

The inputs of the Decoder consist of the normal and inverted output bits 2, 3
and 4 (2nd, 3rd and 4th bit of an output word). Seven of the eight outputs of the De-

coder are used.

On Fig. 10 we see the codes and their significance. An output cycle will be

-

in return will send an End of Record (EOR) back to the computer.

_CODE_
bit|1|2|3|4| 5 6 7 8 9 10 11 12 13 14 15 16
0({0j0(0
00|01 YS9 |YS8 |YS7 |YS6 |YS5 |YS4 |YS3 [YS2 |YSL |YS0
01]0j1]0 YF9|YF8 |YF7 [YF6 |YF5 |YF4 |YF3 | YF2 |YF1 |YFO
01011 X85|XS4 |XS3|XS2 [XS1 |XS0
0/1/0]|0|XF5|XF4 |XF3|XF2 |XFl |XF0
011/0|1jR/F| MF10| MF9|MF8 | MF7 | MF6 | MF5 | MF4 | MF3 | MF2 | MF1| MF0
0| 1(1)|0| TH3| TH2 | TH1|THO D1 |Do ORTH
0j1|11]1

Fig. 10

terminated by a Word Count equals zero (WC = 0) signal from the computer, which

not used
Y-START (YS)
Y-FINAL (YF)
X-START (XS)
X-FINAL (XF)
MOVE FILM (MF)
MISC. (MI)
CLEAR (CLR)



The block diagram of all the HBI registers and their relationship is shown on
Fig. 11.

code 1 (YS) strobes the 10 least significant bits of the output word into the

Y register and counter

code 2 (YF) strobes the 10 least significant bits of the output word into the

YF register

code 3 (X8) strobes bits 5~ 10 of the output word into the XS register

code 4 (XF) strobes bits 5-10 of the output word into the XF register

code 5 (MF) strobes the 12 least significant bits of the output word into the

MF register

code 6 (MI) strobesbits 5 - 8 of the output word into the threshold register, bit 11

and bit 12 into the density FF (D), bit 16intothe normal/orthogonal FF (ORTH).
Codes 1, 2, 3, 4 are passive codes. Their only effect during the output cycle is
the setting of a register. Codes 5, 6 and 7 are active codes. Some action takes
place immediately during the output cycle. Code 5 (MF): the most significant
bit of the 12 bit register determines the direction in which the film advance
stepping motor turns; if this bit is "zero'" the direction is forward, if "one'" the
direction is reverse,

The remaining 11 bits are used to indicate the number of steps the stepping
motor has to do., Thus the maximum number of steps in either direction may be
2047. A 4 ms clock is enabled as soon as the register # zero. The output of the
clock is fed to the stepping motor circuitry but also to the register, which is con-
nected as a down counter. If the register = zero, the 4 ms clock is disabled and
an interrupt is sent to the computer to indicate that the Move Film is ready.

Code 6 (MI): the output of the threshold register is connected to a Digital-to-
Analog converter, which output is used as a threshold for the Track Center Circuit
(TCC). Code 7 (CLR): clears all register of the HBI.

The input cycle starts with an RG (Read Gated) signal, (see Figs. 9 and 12),
which will clear the output register (OR). A DD signal is sent back to the com-
puter after 4 usecs. Again 4 psecs later the contents of the Y register will be
strobed into the output register (OR), followed by another DD 4 usec later. At
the same time a 500 usec delay is triggered (0S3). The end of this delay will
start the actual scanning operation. The logic is shown on Fig. 12. The output
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of OS3 sets FF 'A', the output of this FF will now allow FF 'B' to be set upon
the next pulse from the 2 MC/S clock. The output of FF 'B' will start the sweep
and allow the clock to have access to the X~counter (X CNT), see Fig. 11,

What will happen now when a Track Center Pulse (TCP) appears at the input
of PA1? If the present value of the X-counter lies between XS and XF and the
computer is not tied up reading previous data (FF 'C' = 1), FF 'D' will be set
and the next clockpulse will produce the Strobe-X pulse (PA2), which will have
the following effect: the contents of the X-counter are strobed into the output
register; a DD signal is sent to the computer after a delay of 0.5 usec to allow
time to Strobe-X into OR; FF 'D' is reset, which prevents that more than one
Strobe-X pulse is produced; also FF 'C' is reset, which prevents that another
TCP sets FF 'D' while the computer has not yet accepted the data which is
strobed into the OR.

The value of the X-counter lies between 0 and 4095. After 4096 counts the
X-~-counter will send an EOL signal which will reset FF 'A' and thus FF 'B' will
be reset upon the next clockpulse, which determines the end of the sweep and
no more X~CNT pulses will be produced. An EOL will start the same sequence
as the first RG caused, namely: CLR, OR, 4 usec delay, DD, 4 usec delay,
Strobe-Y, 4 usec delay, DD, 500 usec delay, Start Sweep. Except for the case
when YS = YF, then an EOR signal is sent to the computer to indicate the end of
a scanning operation. Depending on the contents of the Density FF, an EOL will
produce one or two Y counts (Y CNT). If the Density FF = 0, one Y CNT is made
by every EOL. If the Density FF = 1, two Y CNT's are made by every EOL.
The value of the Y-counter may lie between 0 and 1023, depending on the YS and
YF value. The outputs of the Y-counter are connected to a 10-bit Digital-to-
Analog converter (D/A); the output of this converter is used for the Y deflection
(see Figs, 9 and 11).



Stanford Linear Accelerator Center Stanford University | STATUS CODE SERIAL
ENGINEERING NOTE
AUTHOR DATE PAGE
H,Jo.Slettenhaar OF
PROJECT—JOB
Hummingbird
TITLE
Figure 8
| {PA_}—
ﬁl 051 r-gl
Thany
S
e v
we DY >l _g—bl)——* YF
_g—['i_}—’ Xs
] _Eg‘m*_l'—’ xF
03 »— Fa MF
] PA
0 i _‘Ig—-l}_ﬁ_l—’ MiscC ’X‘ T0 0583
FFA _
g " _@M—’ et
D2 >—
L‘%ﬂ 0S 4ms ""lg 0S 4mé 0S s
% f—
SEL 5 CLROR STROBEY
RG *
RDDX

1vidas




Stanford Linear Accelerator Center

ENGINEERING NOTE

Stanford University | STATUS

CODE

SERIAL

AUTHOR  11.deSletEenhaar DATE PAGE
PROJECT—JOB mmingbird
TITLE
Figure 9
(\..III\J e
==
==
L
o )
U
> =]
C _—
- ]
N
= i
- S ] - .
M Mw o Z IR o
) - [ A Qlv b
Y] () (9] a l Wi+ -
W
o |
WL: [%]
v z
= 2
=
T B m -
T
5 —
o W—— m S s 2 ;
J - -~ Q o %
0] a
518 |0 L3 |3 |8 "




Stanford Linear Accelerator Center Stanford University | STATUS CODE SERIAL
ENGINEERING NOTE
AUTHOR DATE PAGE
OF
PROJECT—JOB
TITLE
Figure 11
' To device selecton
Dw’(,bx,ézm (D.\/‘: veas )
3
Output Reg et
S "6 ik
To \ Deflection
b /A ToX Comp.
«
Covwanten
xXeaT /2 €its —{
whut & oL |
Aeor.‘c
ﬁlbhs".fg Gatz Com f%v»w'to't. A
K ;
eNT Boaistu, X Conmten yF Beg isten Test for Yms
TCZ Y5 y ?(O it YE i(IO Eits ¥ 2eno clock Filo
s '3 p Adwanca]
| 1 » XSERKEXF Oown CAT
- ‘ Move Film Reg ioton &K Coumben)
l D/A wmdffm wapwwtém MF—Jf 12 _662;
{rom X comndes bomX commier
Poshell teg | |5 X$ Register XF Registec
y At 3] ye & bits XF & bits
3 % i -
Mise 5

3 »\,‘va{fa/u ( Iverfens)

TFROM Device Selecton,




Stanford Linear Accelerator Center Stanford University | STATUS CODE SERIAL

ENGINEERING NOTE
DATE PAGE

AUTHOR
OF

PROJECT—JOB

TITLE

Figure 12
oS
I | o.5u8% > &DD)‘
PAZ = STROBEX
o ]
D
PAl
1 T
© !
- XS&X &XF
RG
B A X CNT
CLOCk
znels [——~—-, SWEEP
fa) ]
B
Q 1
A
EFoL >—
0s3

Soo/M® ﬁ_( FrRoM ouTPuUT LOGIC

1VId3S




HUMMINGBIRD 9

General

This section describes a feature, which exists on the HB I,
namely the possibility to obtain grey-level information rather than
track digitizings from film, In this way we are able to scan all
kinds of "non digital" film, such as X-rays.
To the outside (Computer)world the HB 9 is a differend machine,
which can be selected by addressing Device # 9.
There are seven grey-levels, which occupy 3 bits of a computer
input-word of 16 bits of which the X co-ordinate occupies the 12

least significant places,

Output/Input cycle

Fige 13 shows the first word of an output oycle. To select

the HB 9 bit 13 should be 'one',

Data .2 2 3 L 5 6 7 8 910111213 1415 16 Fig.l3
Out

0/010}0J0}j0)0}0}J0}J0]0]0]2]0]0)1

The output codes of the HB 9 are identical to those of the HB 1
However the HB 9 has one more output code. This is code 1, which
is similar to code 6. As we see on Fig, 14 ,both codes have L data
bits, which contain Threshold information. In the HB 1 this infore
mation is used to obtain a threshold level for the Track Center
Circuit (TCC), In the HB 9 we use two levels to specify, which

part of the Photomultipliersignal is to be decoded into grey-levels.

Data 1 2 3 4L 5 6 7 8 910111213 1,15 16 Fig, 14
out

0O{1lll{o|X{X|(X|X|0[O(O}|0OjO}{0O{0!0

1i1|1({o|x|x|x|x|ojojolo]ololo}o




Of the 8 remaining data-bits of both codes only bit 12 is used to
specify the Y density : Bit 12=0, density=102}; ; Bit 12=1, density=
512, |

The input cycles of the HB 1 and 9 do not differ as far as the X and
Y counters are concerned. The difference is the way the X=-data and
grey-levels are presented to the computer.

While the HB 1 is only sending an X co-crdinate after receiving an
Track center pulse (TCP), the HB 9 is sending an X co-ordinate every

Ly usecs together with 3 bits of grey-level information. (see Fig. 15)

pata (1|2 |3|L|5|6|7]|8|9/1012]12]1310]15]26 | Fig. 15
In A

A
ﬁrey—levél 4 X co-ordinate )

The L usec interval between data=words is the smallest interval we
can make because of the slow transfer rate of the Computer PDA,

In order to get a better overal 'picture' , we sample and send grey=-
level information in the following way :

During Y=Ys grey-level samples are sent every L usecs starting at

X=};, As the X counts are 0.5 usecs apart, the next sample will be
gent during X=12 then X=20 and so on,

During Y=Ys + 1l the starting point is at X=2, the next sample at
X=10 and so on.

If the Y density is set at 512 lines, the sampling points will be

always the same starting at X=l,

The HB 9 logic

The logic is shown on Fig. 16.It consists of two L bit registers
with outputs connected to D/A converters. The upper register is
set by code 6, The output of the D/A converter is called the upper
threshold, The lower register is set by code 1l and its D/A converter

output is called the lower threshold,
-9 -~



The voltage level of each D/A converter lies between O and =10 volts,
it depends on the contends of the L bit register, which binary value
lies between O and 15.

The gignal which we get from the Photo-multiplier may vary between

0 and =10 volts.

The outputs of the two D/A converters are interconnected by means of
6 resistors of equal value., In this way we obtain seven voltage-
levels with equal difference, These seven voltage~levels are connected
to one input of seven comparators, which have the PM signal on the
other input. The output of a comparator is true, when the PM signal
ig more negative than the level-input.

The outputs of the comparatars are also inverted and sent.to gates,
which decode the 7 outputs into three binary levels, These threc
levels are at the inputs of three FF's (GO=G2), which are strobed *
every li usecs during a sweep. The outputs of these FF's are the

input Data-bits 2,3,L (see Fig.15,The FF's are cleared 2ucecs before shrobing.
The position of the strobing depends on the setting of the 'OLD' FT,
If this FF is in the '0O' position, the strobing takes place every
time when 'X 2! goes to zero. (see Figel7. If the 'ODD' FF is in the
'1' position, the strobing takes place every time when 'X 2' goes to
one, The inputs of the 'ODD' FF are ccunter connscted, Lvery Y count
changes this FF, ( If the density is 512, we get 2 Y counts after
every line, the 'ODD' FF will thus remain in the zero position.)
Fig.17also shows the positlon of the CRT spot at the sampling points

during a scan with density 102,

% The strobe pulse (STR) is treated in the same way as the 32 1 TCP

and has the same effect.

- 10 -



- .H.H -
o
5 [l
& .H| of
(2] 9 Q
- <|™ a
w (] \{a ©
~!
Rl -
= 3
— o
< Q
oc .
[V} ~J
) < < & A
E _ WD
~ 1Q o« e
X o 3 3
~
Qg 11 a l@l’.&
- _ 1
ﬁ ‘o
o * l 1o
1 ° > T
<
N a
qQ ~ A ~
- ﬂm - , -
0
NN . . :IAT 9 o
[a) J Mu
3 ] s 1
@ ILMW\L,. 3 by R |Amﬁ.llé
¢ ) - - sy m 2
s V) o
ol ——1 © o N pmrdt ©
_ur, Q
& ]
3 < <
& | TR D 53—
T T &g SRR
&
et D —1
<
4
¥ o 3 &
J _ & 5
2 %
3
3 S S % 9 5
13 13 W 13 (] Ie _l
3 5 s 2 5 9 3 o> _
a ¥
. | i | | | 1
VAVAVAV AL NAAS VAL VNV VAV V.V, AN VAN
91 mMBT4
L
6 PITqSupummy
40r—123roud
10 TeEqUeq4eTS* L°H
39vd alva YOHLNY
JION 9NIdIINIONA
IVI33S 300 SNLVLS | Ausieaun piojuoyg 19}u3)) 10JDIB[2IDY IDIUIT PIOJUDIS




SERIAL

CODE

OF

PAGE

STATUS

DATE

Stanford University

ENGINEERING NOTE

HoJeSlettenhaar

Hummingbird 9

Stanford Linear Accelerator Center

AUTHOR

PROJECT—JOB

Figure 17

TITLE

A ANANA AN A VAA NN
o LU Ly uru s

ZH U N VO (R S T U (A B

x2 ) [ \ R E—

X3 \ [ L
CLR p Rey (eonyf\ /L fL

CLR % resy(00D) A A /L

ste (oop) /. It A

TR (GBD) A A /o

XS5+ 0 4 R 12 16 20 24 28 32 36 4o yy

ysrof O @ O O QO O
! O O Q) O O @,
2l O @ Q C C O
3 O O Q C O Q
41 O C 9 C C O

poSITION OF CRT spoT

SERIAL

-12 -



