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CRT display using a standard TV monitor 
for 2650-based microcomputers 

The CRT has become an important and almost indispensible 
part of many small computer systems. More often known 
as a visual display unit (VDU), it can be bought complete 
with a keyboard and all the necessary interface and control 
logic. However, a simple TV monitor can be used in place 
of specialized VDUs, providing the attractive facilities of 

Display specification 

A standard TV monitor is used to provide the display. It 
is driven by a video signal containing black-and-white 
character information and line and frame synchronization 
pulses. The screen is scanned in a 312-line frame, not 
interlaced. Character exchange can be performed during 
the line flyback time or in blocks during the display 
time. Figure 1 shows the display frame and character 
format. 

The character display is 22 rows of 40 characters per row. 
Each character is formed in a 7 x 5 matrix with five lines 
below the character to provide a space between rows. A 
character row thus consists of 12 lines. The display is 
normally white characters on a black background, 
although this can be reversed with a wire link. 

The cursor can be positioned to any of the 880 character 
positions on the screen and is displayed by inverting the 

video signal for that character position. A reset input 
allows the screen to be erased and the cursor to be 
returned to the top left-hand position. 

a VDU at a fraction of the cost. Of course, a certain 
amount of control logic is required, as is a software 
program to control this. This Technical Note describes the 
hardware and software required to use a standard TV 
monitor as an I/O peripheral fora 2650 microcomputer 
system. 

Display logic 

The display logic is responsible for generating the video 
signal to the monitor according to the information 
supplied from the microcomputer via the data exchange 
interface. Figure 2 shows the block diagram of the 
display logic, with inputs from the data exchange and an 
output to the monitor. 

Horizontal counter 

The horizontal counter determines the position of each 
character along the line. Because video is displayed for 
only 46 of the 64µs line-time, the counter should 
reach the value 40 (number of characters) in 46 µs. Thus, 
after 64µs, the counter will reach the value 55 which will 
be decoded to produce the line-sync pulse via the flip-flop 

SYNFF. The rate at which the counter must be in-
cremented (56 counts in 64 µs) determines a system clock 

of 875 kHz. 
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Fig. 1 Display frame and character format on the CRT. 
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Fig. 2 Block diagram of the display logic. 
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Vertical timing 

Line counter 

The line counter is used to count the number of lines per 
character row. It is incremented each time the horizontal 
counter reaches its maximum value of 55. The least 
significant three bits of the counter are used to control the 
vertical scan of the character generator (7-row matrix). It 
is reset after a count of 11 (12 lines). 

Row counter 

The row counter is incremented on each count of 11 of 
the line counter. The row counter is responsible for 
maintaining frame synchronization and character position-
ing. 

Character memory 

The screen capacity is 22 x 40 = 880 characters. This 
number of characters can conveniently be stored in a lk8 
RAM. The character memory is loaded with data from 
the data exchange or with the code for a space from the 
space logic. 

Memory addressing 

The character memory is addressed by either the exchange 
pointer or the screen pointer. The exchange pointer is used 
during data exchange between the microcomputer and the 
memory. This may occur when: 
— the space flip-flop is set, 
— the exchange-by-blocks flip-flop is set, or, 
— the horizontal counter value is greater than or equal to 40. 

In all other cases, the memory is addressed by the screen 
pointer. The screen pointer starts at zero, corresponding 
to the top left-hand screen position, and is incremented at 
the same rate as the horizontal counter for the first 
40 characters. At the end of each of the first 11 lines of a 
character row, the screen pointer is reloaded with the value 
in the address register (initially zero) to maintain the 
correct offset in the character memory for each row. At the 
end of the twelfth line of a row, the screen pointer has 
been incremented to the value of the address register + 40. 
This value is then stored in the address register to provide 
the offset for the next row of 40 characters. The screen 
pointer and address register are reset when the line counter 
is 311 and the horizontal counter is 55. 

Character generation 

The output of the character memory is used to address a 
ROM character generator, Signetics type 2513. This can be 
obtained with 64 standard ASCII characters on a 7 x 5 
matrix. Only bits 0 to 5 of the memory output are used to 
address the character. The seven lines of the character are 
addressed by the three least significant bits of the line 
counter. 

Each 5-bit line of the 7 x 5 character matrix is parallel 
loaded into an eight-bit shift register, with the three 
remaining bits being set to zero. The three zero bits 
provide spacing between successive characters. The data 
in the shift register is then output serially using a 7 MHz 
clock (8 x the frequency of the system clock) which was 
determined by the horizontal character counter. This 
serial output is passed, via the display blanking circuit, 
to the video mixer before being output to the TV monitor. 

Cursor control 

The cursor indicates the screen position with which data 
exchange can occur. The cursor is displayed on the screen 
by inverting the video at that character position three 
times a second. 

The output of the cursor is an approximate 3 Hz signal 
which alternately enables/disables the cursor position 
comparator. When the value of the screen pointer is equal 
to that of the exchange pointer and the comparator is 
enabled (for 16 frames every 32 frames) the shift register 
output is inverted for one character-time by the exclusive 
OR gate. 

Display blanking 

The data stream to the video mixer must be inhibited 
during: 
— data exchange by blocks (ECBFF = 1), 
— the five separation lines in each row (ROWSEP = 1), 
— the time that the horizontal counter value is > 40, 
— the time that the row counter value is > 22. 

This function is achieved using afour-input NAND gate. 

The complete display on the screen can be inverted by 
selection of a wire link to the final exclusive OR gate: the 
display is then black characters on a white background in 
place of white characters on a black background. 

Display logic clocks 

A stable clock is necessary if a clear display is required. 
Thus, the 7 MHz clock is derived from aphase-locked-loop 
which has aloes-voltage reference from the 50 Hz mains 
supply. Division of this clock by eight provides the system 
clock, defined by the horizontal counter. Unless otherwise 
shown in the diagrams, all flip-flops, counters and registers 
are driven by this system clock. 
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Data exchange logic 

This provides the interface between the microcomputer 
and the display logic. The block diagram of the data 
exchange is shown in Fig. 3. It is divided into three 

subsections dealing with: data signals, display logic 
control and data transfer control. The circuit diagrams of 
these subsections are shown in Figs 4, 5 and 6. 
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Data signals 

Figure 4 shows the connection of the microcomputer data 
bus to the character memory via an 8731 bi-directional 
I/O port and 8726 inverting transceivers. Bits 3 to 7 of the 
data bus are also used to transmit/receive signals for the 
display logic control subsection. During connection 
commands (ICX or OCX), the four most significant bits of 
the control word are passed to the command flip-flops in 
the display logic control. These bits are: 

— ECB Exchange-by-blocks, bit 7; the character 
memory is continuously addressed when 
ECB = 1. When ECB = 0, the character memory 
is addressed during the flyback time. 

DBU r 

D81  

DB7 r 

D83 r 

DB4  

DB5 r 

DB6 r 

D67  ♦ 

BAO 

BFl1 

BA2 

BA3 

BAn 

BA5 

BA6 

BA7 

ME 

BT 31 

BBO 

881 

882 

8B3 

884 

885 

BB6 

B87 

was 

CLK 

R 
I
BI B WBA RBA 

~1 
T T 

WBA RBA 

— SPC Spaces, bit 6; fills the character memory with 
spaces and resets the cursor to the left-hand 
position. If SPC = 1, it is only effective if 
ECI = 1. 

— CURST Cursor reset, bit 5; the cursor is reset when 
CURST = 1. 

— ECI Exchange-by-interrupt, bit 4; data exchange is 
performed under interrupt control when 
ECI = 1. When ECI = 0, exchange is controlled 
by the main program. 

During a status command, the state of four of 
the control flip-flops is transferred to the data 
bus. 
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Fig. 4 Circuit diagram of subsection A, data signals, of the data exchange logic. 
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Display logic control 

Figure 5 shows the circuit of the control logic. At each 
connection command, the state of the ECB, SPC and ECI 
bits of the control word are stored until the following 
disconnection command. Flip-flops SYNFFI and SYNFF2 
are used to synchronize commands to the peripheral clock 
while CST1 and CSTO control the sequence of actions for 
data transfer. 

Command decoding 

The logic that performs the command and peripheral 
number decoding and contains the exchange pointer is 
shown on Fig. 6. The peripheral number decoder is shown 
here connected for peripheral number 4. The exchange 
pointer is a 10-bit counter used to address the character 
memory. It can be set to any value by the microcomputer 
using the commands ADU and ADL. 

The command and peripheral number are transferred to 
the peripheral via the eight least significant bits of the 
microprocessor address bus. Bits 0 to 4 of the address bus 
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used with the CRT interface are detailed in Table 1. 
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Operation sequence 

'The data exchange must operate in one of three modes: 
— input: data from character memory to data bus; 
— output: data from data bus to character memory; 
— space: space code to character memory. 

The input and output modes are selected by the relevant 

connection command (ICX or OCX). The space mode is 

selected when the SPC bit in the control word is set. 

Figure 7 shows the operation sequence in the form of a 
flow chart. Each data transfer sequence starts with a 
status request by the microcomputer, followed by ADU 
and ADL commands to set the exchange pointer, if 
required. When an OCX or IXC command is received, the 
control word bits are stored to determine the operation 

mode. 

Space mode (SPCFF = 1, INFF = 0) 

The character memory is filled with the code for spaces 

and the cursor is returned to the top left-hand position. 
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control state counter then changes to 11 and the exchange 
pointer is incremented. The control counter then changes 
to 10 and if the exchange pointer is less than 880, the 
sequence is repeated. Figure 8 shows the timing of the 
space mode. 
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Output mode (SPCFF = 0, INFF = 0) 

Output can be controlled from the main program or from 
an interrupt routine, as determined by the ECI bit in the 
control word for the connection command. If the ECI bit 
is set, the CALLD flip-flop is set, resulting in an interrupt. 

When it receives the OEC command, the control logic sets 
the control state counter to O1 and waits until the line 
flyback time starts. At this moment, the contents of the 
8T31 peripheral register are transferred to the character 
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control word, the logic does not wait for the flyback time 
and the character memory is updated immediately. At the 
next value of the control counter (11) the exchange pointer 
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CALLD flip-flop if more data is to be transferred. The 
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DX command. 
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Input mode (SPCFF = 0, INFF = I ) 

Data input can be controlled by either main or interrupt 
program, depending upon the ECI in the control word. 

An ICX command sets the control counter to O1 and the 
control logic then waits until the line flyback time before 
transferring the data byte, addressed by the exchange 
pointer, to the peripheral register. The exchange pointer 
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is then incremented and the CALLD flip-flop is set if ECI is 
active. The control counter is then reset to 00 and the 
system waits for an IEC command to transfer the data 
from the peripheral register to the microcomputer. This 
procedure is repeated until a DX command is received 
from the microcomputer. The timing for the input mode 
is shown in Fig. 10. 
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Data exchange software 

The software consists of two parts: the connection routine 
and the data transfer routine. The data transfer routine can 
be designed either as an interrupt routine or as part of the 
main program. Listings of the software can be found in the 
Appendix. 
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Fig. 11 Flow chart of the connection routine. 

Connection routine 

The connection is part of the main program: it takes care 
of the preparations for data transfer. Before connecting 
the peripheral it issues a status request to check that the 
peripheral is available and prepares the control word. If the 
peripheral is available, the appropriate command (ICX or 
OCX) is issued and the routine continues or branches to 
the data transfer part of the main program as required by 
the ECI bit. 

A flow chart of the connection routine is shown in Fig. 11. 
If the status of the display is found to be correct, the 
routine stores the operand table in the display memory 
locations DML to DML+7. Table 2 gives details of the 
operands. 

TABLE 2 Operand table for the display 

location number 
of bytes 

DML 1 

DML+l 2 

DML+3 2 

DML+S 2 

DML+7 1 

operand 

control word 

number of bytes to be transferred 

address of fast byte in computer memory 

address of first byte in chazacter memory 

end character 

The use of the four most significant bits of the control 
word has already been explained in the description of the 
data exchange logic. The four least significant bits of the 
control word are not used by the data exchange logic but 
are used for communication between the software routines. 
These bits are: 

SOER: stop on end character required. If SOER = 1, the 
(bit 0) data transfer is halted when the end character 

specified in the operand table is encountered. If 
SOER = 0, the data transfer is halted after the 
number of bytes specified in the operand table. 

I/O: I/O = 1, the display is input device. 
(bit 1) I/O = 0, the display is output device. 

ECCP: exchange at current cursor position if ECCP = 1. 
(bit 2) If ECCP = 0, exchange at screen position deter-

mined by the contents of DML+S and DML+6. 

Bit 3 of the control word is unused. 

Once the operand table is loaded into the DML locations, 
a connection command is given (ICX or OCX) and the 
control word is output on the data bus. Only the four 
most significant bits are accepted by the data exchange 
logic. If the ECI bit is set in the control word, the program 
returns to the first address following the operand table and 

continues with the main program until an interrupt occurs. 
If the ECI bit is not set, the program jumps to label EMP 
in the main program, to perform the data transfer. 

12 



Data transfer routines 

The data transfer routine can be a part of the main 
program or it can be a separate interrupt program. If the 
exchange-by-blocks and screen-erase functions are required, 
the data transfer must be under interrupt control. 

Interrupt program 

The flow chart of the interrupt program is shown in Fig. 12. 
The first task of the interrupt program is to save the 
microcomputer status word and the contents of any 
registers that are used in the interrupt program. After 

VES 

ISSUE 
DX COMMAND 

AND ACCEPT BYTE 
INTO R2 

IS 
BYTE=END 
CHAR? 

IS 
BYTE CNTR 

= 0? 

ISSUE ICX 
COMMAND TO 
RECONNECT 

IS 
SOER=1? 

IS 
BYTE CNTR 

= o? 

ISSUE 
IEC COMMAND 

AND ACCEPT BYTE 
INTO R2 

STORE CONTENTS 
OF R2 

YES 

incrementing the byte counter and checking that there are 
more bytes to be transferred, an IEC or OEC command is 
issued. If there are no more bytes to be transferred, a 
disconnect command (DX) is given and the saved 
registers restored before returning to the main program. If, 
in the case of input from the display, the stop-on-end-
character-required bit is set, a disconnect command is 
issued and the character received during the disconnect 
command is compared with the SOER character. If the 
characters are not identical, a connection command is 
issued, and control returns to the main program. 

ISSUE 
DX COMMAND 

AND ACCEPT LAST 
BYTE INTO R2 

VES 

START 

SAVE PROGRAM 
STATUS 

AND REGISTERS 

INCREMENT 
BYTE COUNTER 

IS 
INPUT 

REQUIRED? 

IS 
BYTE CNTR 

= B? 

ISSUE 
OEC COMMAND 
AND OUTPUT 
DATA BYTE 

INCREMENT 
ADDRESS CNTR 

RESTORE 
PROGRAM STATUS 

AND 
REGISTERS 

Fig. 12 Flow chart of the interrupt program. 

YES 

)Z)~B1Z 

ISSUE 
DX COMMAND 
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Data transfer by main program 

This routine is similar to the interrupt program except for 
the save and restore operations required by the interrupt 
software. In this routine, the number of operands (in R3) 

ISSUE 
DX COMMAND 

AND ACCEPT BYTE 
INTO R2 

IS 
BYTE=END 
CHAR? 

IS 
BYTE CNTR 

= D? 

ISSUE 
ICX COMMAND 
TO RECONNECT 

STORE CONTENTS 
OF R2 

INCREMENT 
ADDR CNTR 

b 

VES 

VES 

IS 
SOER=7? 

IS 
B YTE CNTR 

=0? 

ISSUE 
IEC COMMAND 

AND ACCEPT BYTE 
INTO R2 

must be saved. This is done by reserving R3 for the 
exclusive use of the data transfer routine. The flow chart 
of the data transfer routine is shown in Fig. 13. 

ISSUE 
DX COMMAND 

AND ACCEPT LAST 
BYTE INTO R2 

STORE CONTENTS 
OF R2 

INCREMENT 
ADDR CNTR 

CONTINUE 
MAIN 
PROG 

VES 

YES 

EMP 
ENTRY 
POINT 

INCREMENT 
BYTE COUNTER 

IS 
INPUT 

REQUIRED? 

IS 
BYTE CNTR 

=0? 

ISSUE 
OEC COMMAND 
AND OUTPUT 
DATA BYTE 

Fig. 13 Flow chart of the routine to transfer data during the main program. 

ISSUE 
DX COMMAND 

nae~ 
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Appendix 
Assembler listings of the software routines for the CRT interface. 

T>Nlty ~iS~ti~t~LE"r.. `t~El? ~. 

L I AIE AI.~G~: C+E _f EC:7 E ~C~UF..C:E 

(fAliE +i 

i~,F;: ~Ti~E r C~LLi+4i ir~~ KC~~T i tvEy rniE (~,Ei! i i ~ tu;C~C~L i wt n 
yea_ ;:!:mTriTknNSi=EM e~ETu~EN Ti1E GF.T i!ISFLnY iii~r A tc,~n 
E,C;~,~} xBASEi:! S'rSTEP1. 
Nk'i4.~j w I T ~ i_iII_, I..T=~ i ~ n GGt~~`IEi.T I uN ki ~ ;Tii~ i Ei{EC~i~TEi! uURi hay 
Ei~iC~r, *i~tA i N F~:C,~~'ni~f i, AN I NTEkCrlirT i~iiiT i NE ►tNi.~ nfi 
*.~;t=;s• ~EY,'~:Hf~ii,E E•~tTildE E:S,EC.LITEL~ !3'i TnE hinIh! E(~~Kftr1. 

E;r;iE; w I,EFIt~ITiE+AS ~_~ tiYi~iBC~LS: 
{;~12 :e
+~E+.i:' f~~,t9t~ rH EGtr_I d FkCri.ES=a.1k KEtiISTEkS 

NMi~4 iai~,dt F~ Et::ri 
VIb;'j j p;VlYl j F Ei~ i __. 
~t;i'•h L't~fiiN ~ tb!~+ i'f's' i'~~U: 5E~ ~t 

6;M'~ ~' C;E4uy ~ Ei~.H i h"'ib" FLnG 
~►~•<~ BBB Ii E?~i H~~'t7~~ I~TEIrNiJFT It~iIBIT 
E~;;l~? !~BN7 SF EC:iJ ii'B~ ~ STAi.~:F~GIi`iTEk 
;=;k;~Yi t;i~i.y i:i. Eti~ ii~ C.+~~ FSL: +~GNC~ITIuN ~:CK,E 
C~~~i ~~rt~, ii!+~ E+~i~ li-cB` INTEEr i:!Ii,IT 4AF..ii'i` 

fns=[ C~i++ i!' EG4 ~ ii~ iA~ kEGI STET Lam: SELEi~T 
=;E,~= e+~iH,; ;jai EC,iI !~i~ ~~ i=i~iiTiy, N=IU C.F~~'r' 
t~!Et~4 pi6ti,~} C,~?F E~:iii H~E+~= ii+?ERf=lC~~1 

u!i_;c M~~1y;~ i:lii~i Ei;!ii 1.1'k'!~' i='LL1lt. r ~=nkITH. Gi+i~. 
+=uj~r, ~E,y;l C: EC~CI H~ wi~ t:rtCtEriitiC+ eGF'Ft~d 
E,Ci~ t~tirrr, _ Ei11 i ►~ Bf nri!.•H L! ndt! : ~Et?i i 
C~~:=~ ~►~t~i F` ECri i "ri~~iTivE 
;>:;~~ ~,M;= tv EGt~ ~ NEtiMTI~/E 

t=;;=C; G~;t=;G, EC! EG~ii t~ Ek;iiHi. 
C;i=+-~ k~Ny~i GT Eu~~ i iiC?EMTEk THfYd 
C~C;_~ ~ti~H;~ LT Et1J ~ LESS TliAfv 
~jsas C~E~~~_ l!~i ECtL+ = UNr.Cdd[~ITII►yAl 
i~(r;'s} kK~Jk~l~ Ai EC?~~ ~~ ALL BIT ~ rfFE i 
4'~"_5 Mra;~ tai Er~~~ ~ NCiT t~l BITS ii~~ i 
4~1~4_ ! T 
ta>rz_T. v~►:+Cm+ i:kT EC~.~ ~ ikT i~ISrLnY 
~!rt':E: s~EiA~~ STAT Elti i N ~ AB ~+TATi ih Gt ~i~N'iFtFiG 
E~Ca=~ !~y+4k~ ui.;~ Et~if ti~~w' i:~JTFllT +=i~aNEC.TitiN Ci:~IA~~ 
i_iGty~ ~ryh vEC: E~~i ii~rCq~ ijLiTf~~T E:CHtitll~E Gi:H~hht~~ 
~9i~Yi W,;i: A i C:k ECG i ii= C.k~ ~ I hk'1JT ~ :CdvhiEC T I C~ta i~C~M1iaF~Jti 
~+C;~~ r~~~ IEC: EC~tJ H` ~B~ INFLT E~~C:iif~"~iE GC~ih1nNG 
stC~4s BrEia G;~: "tC.ii h: EB: t,I ~.:UiiNECTI~~FI Cl'a'ihiANii 
~1N~~ C4A~~i~ Ai~U EGA► h~ ►_~~' FFESE T ~=FiAK. t1EM. HUi;E~. ~ i Gei~IFtlii~ 
~jC+~4=~ t~i~Si~ ALL Ei~tai H~rB•~ FkESET Giit~+. i~iEh1. AGt:~k. L C-iii'ii~irihli~ 

E9,~,~4r T+/nk.It~BLEs 
iib;~; En7~.~H l~;U 

t♦. t!~. 

s_"'~=;~~? y~4~ E:+.'~,L f<E= ~ t!Itii'Lfi'r' i~i~lk'i'LUC.ATIt'~'rJ~~ 
Yii_;',k; 11 <:vi$ rET RES ~ kEEry Ai!i!,~:ES== r I'N.ST i+f~Er•:tThii! 
~~~51 s~?NIi LiN: rES ~ SAJE U]GATI+!~a5 l.~F h:w ANGr'=~ 
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T IdIN HSS~Ei~iBLEF: VE ~. Ci rHGE t1F4i1 

LI!dE HD[~d~' vBJEt~T E i+Uf+..Ct 

►_~^~<: *+:CrNNEGTIi~N f~~i1TINE FCtR CFT [~ISPLHY 
ktli~r-~ r: 

wHS w[.a_i~' I PI+~ NH I N i'R+'u~:HM 

CiCi7, xJ,k, .'5L l~F'_~t RS+bJC+C 
iii=_,r i~wx~ b+~C~ L[+C~I, k.~3 <#+7 FETCH ti[>~:. H +1F FIi~~T iJF'Efth~~~ 
i_1t?~~ i~nh~. yrr:y L++[~i: Ki :>~+~ r'ET~=H NG[~R. L iJF FIF,'~T i~FEF'HN[~ 
Eiv~E~ Giis:n iF6iC+~ E7:TCi,L(Pi i~C:i~,R CHLL Ck.T CONt~CTI~~N kC~JTINE 
kii~lr:i vfkiY_;4 ti:: [}iiT*i H~ ti2~ t.i+NTR+Ii.FdC+F[~ ~:E=;ti~LEi 
i=1~Jo;: ~++J~n k~w'ti~} GrtTH U`ei, ~~+~ NUi4[sEk +JF [~i'TES ~:En:tiNFLE 
t_1{,fh_: Mikli;f: f444ri4 G~iTH H~ ~: M` H[:~[~FES C+F FIf'tiT Bi'TE ' E=;Hf~LE 
tiNir,4 C~h~E C~c.iE uHTH [f~ it, SN' LUC+F:[~INHTES OF FIi~ST BYTE IN Cif:. WEH. 
t~i_ir~ ~ k.Qb! = i2, C.+7LLNdN = <~ !:E~HH1FLEi 
t1t1r,F Ctkna6i jY t~fiTH H' %~ ENG~'.HHF:HCTEF iEriFlpiPLE 

t,Y jai i~'Ci H' 3bki` 
EtAr,'~ M 

Citt;►~ B-t ai CCM=~ [ry::~:R tiTMH,kd h:ET SHVE f~~~. FIRST C~Ek.. 
i~n'i C~ii~= C.[+H=+~~ '~Ti~t: ~:i F:ET+l 
E=is~F•; HjCir", 5~r1~ [ITT F..E[d=: r~1 =THT+I:RT M,Eft[~ C:FT STMTIw 
vuJ; viiR~; ~~e:~~ HF~~I, R6 H`~8~ CLEHF.' BIT Er;CE'rT EIT 5 
tai 4 kii6iH '~L,TN BCFi✓: ~ [~STT BR. IF i.RT +=C~iNEGTEG 
;, ti;. 

~:~ r: vlie~tC: +1f qtr LCniI, R ~ LC+MG R3 WITH Ni_(i'iEER i~ +]rER. 
~~iai,~ CiiHE BFC {:+~; F~ ~F'T LCh:~y=l, R0 FRET: RS: — TRHtISFER ~+FERHN[~ 
wkir[t ~+•iil t:F►_+'H+a STRH:R.6 Cd~.Rs INT~i GIyFfLhiV hi£i~. LCN=.tiTIC~I~ 
~N~'~ nii4 ~Bf~= BRFifi:: Rs [~C+F~T t~1L---GhiL+~ 
~~._iuGi 

Lt:7;i ~41ir ~GF~'.►_ui LuL~N: Ri Chi FETE=H Gt+~ITkpLidOFG 
4?w=1Y~ wl-:._~ FS~a! Tt9I, kl H~ al~ TEST i~IT r1 ~ Ir+7i 
~=;iii_:_ Mild `~iikN~ [OFF. Hi +jt~iC. (iC+ Ti+ + fC. IF u(JT►'UT 
t14~f~?4 

iJit~ Nli[~ ? B'~ FF'SL WC+i: HG[~ WITH GHRRV 
iabi~r OiiF i~7ht i+N&= L+~C~I, F..s 
~~i~g; ~•~~i kiF4'Hi C~NBC LC+ifii, F..ki C~idL+i, R ~:: — CHHNGE Ni~+l~li=. OF E<;'TES INTi+ 
~~~~~ €ii~~4 ~~FF E!iRI.Rh H~FF~ —~.:PN(hiE. iJF ii~'TEy~ FC+R INFUT C~ 
isJr.y iii~r. ~4C~ H[~[~I,F;[+ +~ —~.:N!N~iB. C+F BYTES+ii FC+R C~JTPUT 
Giii•~i~ Hip" CFr <:i~ii :TRH: K4.J L~(~k.+i, R ~: 
i~+'~i C'+ici~ =d✓T4 E~lr, M [fNBC: 
c3iay 
i~9_ Hl.~[:~ F~Na Ti~I.Ri H~~!` TEST BIT ~ tECi:Fi 
kiki4~ F~-4~F _~8i6 BCFR, Hi ~:uNV Bk.FlNI:H IF EGCF=k+ 
iit~'a5 C~i_i b~ itg += Tid=. Lu[.~I, h:=~ 8 NIJhiBEF? CIF +JFERHf+~t~ iNT_~ F:_<_ 
C~+'~r~ ~ti== F5Ni Tldi:fri H~+~i' TEST BIT y ~:Ir~i::~ 
v1C+4f C~i":5 yGBC ELFT:, Hi +iTP EkNNI"~H IF Cd.(TFi(T 
i~F4'a'r'. ~Y 

61Yiyy Ni=~~ C.~~C4 WRTE,><i IC;Y;+~=k.T ~:+dvNE+T CFT IN ih~itThiUL~E 
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Tb1IPi !~tE~=~Ei~>E~LEk ~Ek. ~. A FAiiE s 

LINE A~[~[:+F: i1nTEi:T E SuiikCE 

irjVl~ Bias+ r51+~ 
~iEt-: ~+isB icA 
viB~ E~ti ~C+ iF~~i<:+B 
9-l~ Bl~]N ~B-~r 
Gti~. 
+~i~~~ ~ri~i_ ua~#4 
~9iAF, X145 iB7 
Bid 
~aliat Bi4~ yi:Ft=BS 
Bill N14H i=". 
ktii~ Ni4a 7~~t4 
itii=: Wi~1G [li~i 

~tii~ bi~4E [Fyt 
etii5 k~14F ;~' 

01ir yiv»4 E~h~at 
+9ii7 a~lg~ ~ T` 
~~iiF~ BiS~f GB 
i~ii~ i~i5i U. 
Hi~E~ ini55 [,v_i 

`, [ irl~i Fti.n` + 
kii2~ Bi5° i+A 
Eti:: Er1~5 [~ 
~i::~ ~i5ht ~ .B <k* 
Nita vii5[+ ~.nh% 

4~~~F~ Bi~F Ut~Yt~} 

B'lc' c~iti E~i;4 
~31~8 Bin t: iB~+%: 

TECI TFIi,RI H'iN~ 
E~:Tk, hi LC~:B 
BC-TA, liN Ei~ 

LvC:E B;rt ~kET 

uTF f~tTE, kl iu x~..kT 
BCTR, lihi TEGI 

:~: 

=TRZ R 
GF'SL iwit::++: 
kkl, R6 
N.kl, Ri; 
flL~i~Z F,' 
LuC+I,r,~ tl

F'E=i rk: 
kFl, Rf+ 
kFl, k~ 
RRL, kB 
Rirl, k~ 
Rkl: ky 
kRl, R'? 
R[~[~ii, Kb COIL+n 
fi[~GI, k~ B 
ldRTE, F.~ tiC+~ i+CRT 
f~kTE, kB f~~I+CRT 

TEST i~iT ~ !:ECi? 
Ek. IF E;~sGH. BY INTEF..k. kE~. 
Bk.. T Ci IiH I H Fki~ikFd`i Eis%H. 
RETi~kH Tl HtiIN FRtliir:Ai'] 

+:S GT ikT IN i)i1TFliTi~~ 

Ft?i=H Ri_~1 OF [iISPIH't' 
I ii T ~ i kE~ iiN[~ k. 

kA ~ R ENLMki~[a 
k0 ~ r: ENLtiki~Et~ 
RN ~ ~. ENLi~GED 

ROTFiTE fdITH CFiRk.'1 

k~~kE~ GiiNTAIH ~N ~~; kC~i 

k~,RN G+~JTRIN Giil + d6 ;-, iii:~! 
+~UTPIiT ~ H I GHER BIT iiE GHAk.. nL+[~:. 
i~LiTFIiT ~ Ls:~R BITS ~:~ GHrth'. rtt~C+k. 
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Tl~JIN K~E.EI'16LER v'ER . C~ 

LINE iiC+CAM: CiB.iECT E SCi±~:C:E 

rlit~ F +4 

F'L:C! ~~INTER.RUPT ROt►TINE FC+R CRT 
0i 1 
kt3 <~ t~i~n5 <~FOiC :4 65TH, LM-a E.H4'E E~i~lE REGI STER.S, _~ T HTi I; 
t91.= <. Crl~ N~Eti LC~.~I, Rl i 
Ct24 DiE~i C~C:«Mt Lid+ti, RN iiiiL+~ FETI':H BYTECTF. L 
sib=~ tijr.[j [_kt_ BIRR, kN R_~T1 INCREh~NT, IF ~EF~a 
X3-1=r, i~ijr~F kJ[tN 6_ti LC+cw, Fl Di~L+l FETCH BYTECTR. H 
i:~i<:;~ wt~?~ [,9ktEt BIRR,k.! rF.T~ INGREi'1ENT BYTEC:TR. H 
Ctilc? !=t~'~ CD6_~91 E'~T~ STRFI. F:1. G~'iL+l tiTiiF'E 65'TEGTk:. H 
!11-:_~ C!i'T CC:G:t<:N~ r..=~T3 TRH,Rb t~i~L+~ tiTORE BYTEC.TR. L 
Eti~ta ~: 
+=tl~i W1i'h1 yti_i~fliV! LCN:,ri,k'H +~1L FETiH CCir~TF'. Wf~L~ 
Fi1.4= tl'C+ F4tti TI4L R.6 fi`Wi' TE'T 6IT O i:I,'Di 
!=tz4? C~i~ F '~~= BCr"R, Hl i:~f'G 6R. IF CRT i'~ uUTNiiT[:+EiI~ E 
►_f-i44 C'1,1i F4~t~ Thil: R0 H'~i~~ TEL~T 6IT i i50ER 
!i4{ ktiK= 4n34 E~=FR, nl ~CiBF BR. IF =,TCiF i_+N HI_~'i6. CiF 6YTEE~ 
4t1~}i=, is 
0247 NZ65 ~c.E4 REC.~E,F:~ D=++:RT INPUT BYTE TO R, DI~CCIP~1. 
C!i~r; 6iC:~ EEaN.• C~'Hi, RE c+t~L+r Gr~1FAFt BYTE riH[•~ ENC~Fh~R. 
t~•14_~ wlj'H 166E; 6C:TR, ECt ~TCd't BF.'HNC-H IF Eb!LiML 
C!i~=t ~tlr~C ~1 LC+D~ i'1 FETCH EYTEC~TF... H 
Hi51 «16D 1;3kt7 BCTF'. ~ =:TO!'I BR.. IF BYTECTR. =b 

R31~ N-?rF etCCi=Ctrt LCD:+hb RC9 iil'iL FETCH Gl"rrITR. tN:iF'[:+ 
F~-? 5_<<: ate ~i~ D4C4 b!F'TE, RB IC:d+CRT CONNECT CRT, WRITE CCrtJTR.. WORD 
t=ti5~# 4t~._y~} CE6-:0=: F,TOi'1 TRH, R;' *Gi~L+< iRc:; TO i7Ei'i. FOINTEG BY rtt~[:+R. CTR. 
r_t-! 55 s~~k7 16i BC T R, UN I NHD 
i].Sn ~: 
qj5~ ~y_~ Hl ~OBP LUGS Rl FETCii BYTECTR. N 
~ii5; 61'~ 1Hk!4 Bi=TF'~~ TREl BR. IF BYTEGTR.=6 
025y Ctl'~ `E~4 REC+E, R~ IEC:+CRT IPlF'UT BYTE 
F~iri+ ati_~E 1.6,4 6CTR.iiN =,TCn'1 
kt'it k!inC! ~ ,E4 T REi REDE, R~ Ci;-;+CRT INF~iT EYTE, GISCi~t~'IECT CRT 
s:tr:~ 4t1H~ I67Ei BCTk:, i ►N ' ~ T UMi 

i<tjr:4 wtiH4 dl OFD LCiD~ Ri FETC:H BYTECTF' H 
ctlr",5 w-j f;~ lE;i y BCTN, ~ TrcE~ BR. IF B4'TECTR. =Ct 
i-tir:n ti~►y' yC.C;'ii_ LiiC+i1,R61 *Dh1L+? FETGfi EtTE 
tt jr,;~ Gtltitf D464 WR T E. REt i?EC+CF:T f_t(ITPi iT BYTE 
ct±:,i_ 
i~ir"y C~1.yC: NC~i-C~4 It-IHD LOC'ti, RCS DhiL+4 [.+C~JP~LE LENi~TH INi=:R. 
:^17Ct C!i!~iF r+E;!~C~ E;rRF; Rte R_~T~4 CiF HC~[+F:. CTR. 
4:t1. 1 .~i61 !~DM30= LOCH, F:1 DI'1L+- 
btj ~ i9~E;4 Gytirt BIF1~: Ri R.~T <. 
st1?_<: O~B~, i::[~t, ';i1<: F".T<: STRH, Ri DI'iL+<: 
iil?4 kr~6'a i:i_tt~.C'•4 R';T4 `~TF'r!.F:~t bw'rL+4 
siT'S 
vtj;r, Ct-±6C. _:F62CE R5T5 E:STM: UN RE'~T RE=~TORt REM=TEF..'_, STrtTii~~ 
kt2f? F?i6F ".; RETE. i1N 
01'_ atiC6 54E4 TRE:: E'Ei~t. rC? C.+;;+CF'T DI~C:~hM1EGT CRT 
►t1; .a +_tZi:t -i6 r, E:,=TF: ~ IN F~_T5 
i11:_;s1 x 
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Gm ++%GRkRZ@ P~ ~ 

dR mm ~ RI EgmR 

«9 ammRlRs 
KS4G~J+ ~Az7~RmJ( +RmaJ( 
mq~1, 2 yk ¥~ ~ +LS R& ~:# 
X12 &D G ƒ± (fib IRO m 
~a~ acam Sr mL~« +R(mt>H J(+i 
~~ 2r 3 ~ RTC m RI+N 
Km * 
&6 * 
&a 4R «mm k7~k m J<E~ RSH~± w m 
~/~ 4 3 SU h (m) m Q 
~±«Wy ~E (m)+rL 
K2 KS ~qm ~[,k m J( RCLH±DV~mrm 
4% 6/ qm ~Gh Rm` ~E~rTR % aRk 
~ 5Km a+ Tk b +~~S~EI ~:k 
K% Km 2 RR.m R%AN 
#F * 
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TIJIN RS'EiiBLEh: tfEF c. R 

LINE R[i[:~:' tE; TE : T E _~~ it iR'CE 

i~•i ~+~ 

ia~l~14t 

k:Ri ir_iTihiE r+E: E;C:HRN+3E R~' F1AIN Firi+iiF~if't 
t~ 

ti~Nz RiI'[~ RCR ~:Re Li~:'+i, RR [~f'i[.+ 
l=r~Et Ft}.Ert I~4GiY EIF:F:, Flit ~~Tr; 
tn~Fj~ RiE2 ki[iR <.Ri L+ai-H1, Ei GhH.+i 
4t~b~ j ~}iE~ U~41_? L lh:h'.r (<~`.1 r','7T( 

%t :Rr; 41iEi CI!r+syl I?~T7 Tkht, Ri vi'iL+i 
ti~R- E+.l.Es~t i :+ Et <E;~ F'STr, ~TRR, rrR I!i'iL+:: 
Ry$ 

la~~: ?aiti! R:kt_yy L'.tC~f. EN t!i'IL. 
er~~u, v?~tFkt F:tcti Ti~LEi~? H`Ri` 
i?~ii RiFz :~E:t~ BCFE, Rl ~ iF'UE 
R~i~} RiF~ F~!92 Ti1I, Fy H: W2: 
►9c1_ WiF~ ~i <: E~_Fi;', yi w::F' 
12i4 ~+ 

R~iS RiFE~ `~E4 EE[~E: E~ I~x,+CRT 
Rai:? 9iFR EER3R;• C[ti~

C

R, E~ I+HL+i 
tacii~ kit"Ij i~,i Bi.TE,EIA~ i:~l>E~ 

RGiR RIFF Ri LC+v~ E..i 
F~:i° RtRR 1E~i2 BCTE: L E.1i tB 
F'? "~G1 N~Fi~ F4[.R ~.1~1 LUC~1, E~ L~i't[. 

+I+t`i atc4t~ i:~4C~ WFTE: F-.R iGX+l:RT 
!~2~= R~it =B~i LiiCi B=,TE,iiN STIN 
l:+tc= +~2Ft iE;5r1 grTF, t}N Eh1F' 
t~~~~ ,_ 
4'i'%~~ rid%+g Ri ~~P Li+~'~ hi 
tt~~r, Ni~kti: 1E~Aw Bi:TE:~ TRES 
llt~~r E?~R` ~r~:'.~1 REC!E,r':~ iEC+Gf:'T 
t~;~ !_+~~~4a iE;,r Bi:TF,iN'i Lin:i 

it:c~+ R~i~ jr,E$ TEE ~ i?EI>E; F:~ I~~K;+i:F-.T 
RcsE~ k?2i~# =i'1~ I=. tB E~STK: itN =,TIN 
!_tt <i R~ih iERr" E'CTn':: t}Fi ETN 
rq`?~ .+ 
i1;:--  Ylciii iii t.+~[>t LItI:'~ Ei 
lt~_:4 R~~i:? i$etR B+:Tit: ~ TF:E~ 
R~%-i i?~t.F ~:?+=;=i ri_ LUI:~R, Eta WCii4L+= 
i_!'`_r: 14cjE [~3R~ 4tF:TE; hY1 UEC+CET 
E,`_. R~~¢i _tEie ~;=i3E,itN ii:~~ 
R: <:C wi~2c iFR2 LSE E~C T R, i tN Et'iF 

t}z4Gt y~LS `~#E4 TkE4 REEVE, Eat px;+f:F°T 
!~~yi w~2; 4Fr_R_~ RTN B;~;R wE.ET 

f'ftMJE NMl1r, 

FETCH BYTEt_:TF,. L 
It~i:REHENT, IF EEFtt1 
FETCH BYTECTF. H 
INCkEHENT EsYTECTR. H 
STi►EE B4~TECTE. H 
STt~:E E'~`TECTE. L 

FETE :H C+}NTR. f~GRG~ 
TEST BiT R (I: ~}:a 
Bk.. IF i:ET IS +1itTFl►TC!ESjICE 
TEST EIT i _.C+E& 
BF. IF =,TiIF JN NI~iB. i+F E'YTES 

INF'tJT B'r'TE Tip EG [!ISCC+NN. 
COM~RF°E 6'YTE RNG ENC!i:HRF. 
BERNi:H Tit CSUB IF E+~~ N"~ 
FETCH i?YTEi. T E. H 
Eft. T+i ~_SitB IF BYTECTE. =R 

FETCH +.i SITE. W! iF[f 
+_:ONNEt_:i GFT: WE[TE >=:+]NTk. iJi~'G 
E~ERNCH Ti + =,i1E.F. =•T i N 

FETCH B'r'TEi:Tf~... H 
BF:. IF BYTEi.TP,. =R 
INPIf T BYTE 

I tiFl}T B':' T E, I~ I ~+Ci ~NNEC~T i~k.T 
BRRNi:H Tii _,I iBF.'. S T I N 

FETCH isYTEGTF.. H 
6'F. IF BYTEi:TR. =R 
FETCH B'r' T E 
i ~ irpt}T EttiTE 
i;~'RNi :H T~ i _a_tBF'. i i :RCS 
BFRPN::H TLi =.TART 

[lISCuNhIEiT ChT 
itETt!EN 

20 



qa %~ «LD RR Ze R§y ~ r 

gk ma ~E, ~T E~►RE 

+g 
k~ 
&m K~ Rme 
U+ UA «m« 
K~ ++tea§ 
Um &2~[am 
+m +« Sm 
~2 &~ Umm 
&+ &+ %mm 
U£ K+~ 
+S 
+¥ ~A 

~Pgm2+ 
* 
qH 7~NG~~J 
lmD~[% m R~ 4 

$!~ m ~Be 
~ k h Bta 
m~~ h GA 

bA 7~ h Dk~ 
G3 7~8 m ~~~ 4 

RT m 

~ ¥m' 

mmL~$~HLB¥~~3=mm 

<U) 2 itl+1 mi¥m p ~ * q§ 
m~ELEkm I£F 
7 ~[k GF 

2! 





Related 2650 publications 
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AS50 Serial Input/Output 

AS51 Bit &Byte Testing Procedures 

AS52 General Delay Routines 

AS52 Binary Arithmetic Routines 

AS54 Conversion Routines 

AS55 Fixed Point Decimal Arithmetic 

SP50 2650 Evaluation Printed Circuit Board 
(PC1001) 

SP51 2650 Demo System 

SP52 Support Software for use with the NCSS 
Timesharing System 

SP53 Simulator, Version 1.2 

SP54 Support Software for use with the General 
Electric Mark III Timesharing System 

SP55 The ABC 1500 Adaptable Board Computer 

SS50 PIPBUG 

SS51 Absolute Object Format 

MP51 Initialization 

MP52 Low-Cost Clock Generator Circuits 

b1P53 Address and Data Bus Interfacing 
Techniques 

b1P54 2650 Input/Output Structures and 
Interfaces 

TN 064 Digital cassette interface fora 2650 
microprocessor system 

TN 069 2650 Microprocessor keyboazd interfaces 

TN 072 Introducing the Signetics 2651 PCI 
Terminology and operation modes 

TN 083 Using the Signetics 2651 PCI with popular 
microprocessors 

TN 084 Using seven-segment LED display with the 
2650 microprocessor 

TN 085 Cyclic redundancy check by software 

TN 086 Introducing the Signetics 2655 PPI 

TN 087 Audio cassette recorder interface for the 
2650 microprocessor 

Using the Sense/Flag capability of the 2650 for serial I/O interfaces. 

Several methods of testing the contents of the internal registers in the 2650. 

Several time delay routines for the 2650, including formulas for calculating the 
delay time. 

Examples for processing binary arithmetic addition, subtraction, multiplication, and 
division with the 2650. 

• Eight-bit unsigned binary to BCD 
• Sixteen-bit signed binary to BCD 
• Signed BCD to binary 
• Signed BCD to ASCH 
• ASCII to BCD 
• Hexadecimal to ASCII 
• ASCII to Hexadecimal 

Methods of performing addition, subtraction, multiplication and division of BCD 
numbers with the 2650. 

Detailed description of the PC1001, an evaluation and design tool for the 2650. 

Detailed description of the Demo System, a hardware base for use with the 2650 CPU 
prototyping board (PC1001 or PC1500). 

Step-by-step procedures for generating, editing, assembling, punching, and simulating 
Signetics 2650 programs using the NCSS timesharing service. 

Features and characteristics of version 1.2 of the 2650 simulator. 

Step-by-step procedures for generating, editing, assembling, simulating, and punching 
Signetics 2650 programs using General Electric's Mark III timesharing system. 

Describes the components and applications of the ABC 1500 system development card. 

Detailed description of PIPBUG, a monitor program designed for use with the 2650. 

Describes the absolute object code format for the 2650. 

Procedures for initializing the 2650 microprocessor, memory, and I/O devices to their 
required initial states. 

Several clock generator circuits, based on 7400 series TTL, that may be used with the 
2650. They include RC, LC and crystal oscillator types. 

Examples of interfacing the 2650 address and data busses with ROMs and RAMS, such 
as the 2608, 2606 and 2602. 

Examines the use of the 2650's versatile set of I/O instructions and the interface 
between the 2650 and I/O ports. A number of application examples for both serial 
and parallel I/O are given. 

Interface hardware and software for the Philips DCR digital cassette drive. 

Simple interfaces for low-cost keyboard systems. 

Description of the 2651 Programmable Communications Interface IC. 

Simple hardware interfaces to use the 2651 Programmable Communications 
Interface with various microprocessors. 

Interfaces for single and multi-digit LED displays. 

A short routine to encode and decode CRC check characters for the 2650. 

Description of the 2655 Programmable Peripheral Interface. 

Economical alternatives to the digital cassette recorder. 
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