Table 2 lNSTRUCTlQN SET SUMMARY

R | Branch on condition true relative

A | Branch on condition true absolute
| Branch on condition false relative |-
| Branch on condition false absolute |-
| Branch on register non-zero -

relative S

‘ absolute : , e

R| Branch on‘incrementing. -~ - PDB.DA D9 D8 | -

: register relative : : : e
A Branchonincrementing: = [DF DE DD DC

|:ZBRR .| Zero branch relative, ‘un¢ondif{bnél B —. — —

| register absolute . . o
R Branch on decrementing. -~~~ . |FB FA F9 F8

|| . register relative :
A:| ‘Branch on-decrementing FF ‘FE FD FC
register absolute : : :

BXA Branch indexed absolute, i OF — — —
unconditional ' .

FORMAT

SRk ’ o
- {A ‘Branch on register non-zero |5F 5E 5D 5C

(‘#;gﬁre

2

SUBROUTINE BRANCH/RETURN

dition true, relative : O
A| Branch to subroutine:on con- 3F 3E 3D 3C
dition true, absolute : .

‘ ‘R Branch to subroutine on con- ‘|— BA'B9 B8 |
BSF :

: {R Branch to subroutine on con- : 38 3A,.39 38
BST

dition false, relative
A | Branch to subroutine on con- — BE BD BC
dition false, absolute .
) {R Branch to subroutine on non- 78 7A 79 78
BSN zero register, relative ,
A1 Branch to subroutine on non- “ITF-7E 7D 7C

zero register, absolute
ZBSR Zero branch to subroutine BB — — —
relative, unconditional ‘
BSXA Branch to subroutine, indexed, BF — — —
absolute unconditional )
{C Return from subroutine, conditional {17 16 15 14

RET E | Return from subroutine and 37 36.35 34
: enable interrupt, conditional

ER.

EB

-

-

owN

-
SCoeNo®m

. Condition code (CC1, CCO): 01 if positive, 00 if zero, 10 if negative.

. Condition code (CC1, CC0): 01ifRO>r, 00if RO =r, 10t RO <.

. .Condition code (CC1, CCO): Otifr > V,00ir=V, 10ifr < V.

. Condition code (CC1, CC0): 00 if all selected bits are 18, 10 if not &l the selected bits
are 18,

. index register must be register 3.or g,

. Requires two additional cycles if indirection is specified.

. ‘Requires two additional cycles if indirection is specified.and branch is taken.

Specify CC = 11 for.unconditional branch.

. RS, WC and COM bits'in PSW are also affected.

cC ber in register is a binary ber.

| orcopE PSW BITS
_MNE- DESCRIPTION OF OPERATION | Rorcc AFFECTED ; o
MONIC ‘ 1o 1 - L) , . ‘ . FORMAT |
e : |32 1 0 |ccliDc'C |OVF|SP |1l |F |BYTES CYCLES (Figure 2)|
|w|  op ]! | Load immediate 060504 | @ 2o
3 R| Load relative - OA 09 08| e 2 ‘3 R
Bl \A| Load absolute - . |oF OE OD OC | ® 3. .4 A
1@l [z]| Storeregister zero . C3C2C1 — | ¢ 12 oz
&| STR {R| Store relative ~ [cBCACO9CB| 2.8 R
|- : A | Store absolute +/CF CE CD.CC 3 4 A
(2| Add toregister zerow/wo carry |83 82 81 80 [ ® (e | e | o 12z 1
ApD ]! | Add immediate w/wo.carry . ..|87:86.85.84.[ @ | ®. |8 | & 2 2 | £
, R | Add relative w/wo carry 8B 8A 89 88 * e e o R 3 R 1,8 -
Q \A | Add absolute w/wo carry - 8F 8E 8D 8C| ®[® | o | @ =3 4 A 1,6
o Z | Subtract from register zero |A3 A2 A1 AD| @ | e |e @ 2 7 A
; o w/wo borrow S : N | , :
= { SUB { 1| Subtract immediate'w/wo borrow~ |A7- A6 A5 A4 | & | @ 1508 P2 e R A -1
= R:| Subtract relative w/wo borrow AB AA A9 AB | ® | o | o @ G g R 1,6
qo A | Subtract absolute w/wo borrow AF AE AD AC 1 o ¢ | o 3 .- -4 A 1,6
DAR | Decimal adjust register ' 197 :96 95.94 | @ ‘ LR 3 4 1,10
Z | AND to register zero - 43 42 41 — [ o 2 Sz fr
AND 1| AND immediate - w7 14746 -45 44| -® 2 2 el A
R | ANDrelative = = © : 4B 4A 49 48| ¢ 27 g R 1,6
. XA | AND absolute = . 4F 4E 4D 4C | ® 3 4 A 1,8
| Z | Inclusive-OR to register zero 63 62 61 60| @ 1. 2 z s
Sl o ! Inclusive-OR immediate 67 66 65 64 | ® 2 2 ! 1
] ¥R Inclusive-OR relative : 6B ‘6A 6968 |:® 2 3 “R. 2176
9 A"| Inclusive-OR absolute . 6F 6E 6D.6C | ® ‘3 4 TAL 1,6
7| (2] [Exclusive-OR to register zero . . [23°22 21 20| 1 2 z A
goR {! | Exclusive-OR immediate ~ 27 26 25 24 | ® 2 2 1 A
| R |Exclusive-OR relative 2B:2A 2928 | @ 28 R 1,6
A | Exclusive-OR absolute ~  [2F 2E 2D 2C | e 3 4 A 1.6
Z'| Compare to register zero E3 'E2 E1 EO| ® 1 2 pA 2
w arithmetic/logical .
a | | Compare immediate arithmetic/  [E7 E6 E5 E4 | ® 2 ! 3
&| com logical e . e
3 R | Compare relative arithmetic/ EB EA E9Q E8 | ® 2 R 3,6
Q logical i i . L
E A | Compare absolute arithmetic/ EF EE ED EC | ® 3 A 3,6
= logical ' £
Q| RRR Rotate register w/wo carry 53 52 51 50 1 z 1
RRL Rotate register left w/wo carry D3 D2 D1 DO e 1 Z 1
NOTES

C o WN

-
BE-X N -

NOTES | :
.- Condition code (CC1, CCO0): 01 if-positive, 00 if zero, 10 if negative.
. Condition code (CC1, CC0): 01if RO > r, 00t RO =, 10if RO <r.
. Condition code (CC1, CC0): O1ifr > V,00ifr =V, 10ifr < V.
. .Condition code (CC 1, CCO): 00 if ali selected bits are 18, 10 if not all the selected bits

are 1s.

. Index register must be register 3 or 3",

. Requires two additional cycles if indirection is specified.

. Requires two additional cycles if indirection i8 specified and branch is taken.
. ‘Specify CC = 11 for unconditional branch.

RS, WC and COM bits in PSW are aiso affected.
cC ber in regi: is a binary number.

SinotES
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|  DESCRIPTION OF OPERATION

F B‘ ES cvcn.es (‘ guro 2)

Py

. CC nl)umot number in register is a binary number.

= B Hmmmm.whgmunOlandmtwm

. Input signal transition times are 20ns. :
. Alivoltage measurements are d to ground. All time

level for inputs and st 0.8V and 2.0V for oulputs.

4. Output load is 100pF.

5. Processor cyclotlmoconomlol ﬂwnclock PCﬂOdl
6

. These values assume that OPACK is returned in time 10 not cause the processor to idie.

Otherwise, the specified maximum will i by an integral

=|WRTD | Write data 2 . Folote onanie celay tme
2 'REDD | Read data . - 3-State disable delay time
S|watc | write control , R 2 Data stable -
O|REDC | Read control ' L a3 2 ————
|5|WRTE | Write extended o7 8 Datain hold
: g REDE Read extended : 57 = ,‘iData in acceas tlme (.’859 -1)
o LHALT Halt, enter wait state ; ——. — 40 | 2 E T
2| NOP | No operation == —co| g EY fon ‘Clock high phase ggﬁg" ne
3 ™ Test under mask immediate |FT F6 F5 F4 | e < o4 : : 2 o
, , : ) ’ e i i ) e Clock low phase (2660A-1) ns'"
. '{U} Load program status, upper . 92 e E - : i\j o ‘ -~ (2e50A) .
UL { Load program status, iower 93 2. E .9 / 1cP Clock period (2650A-1)
| 5 [U| Store program status, upper 12 2 E | 1 ' (2650A) s
o | SPS , ; % : & . , ‘ 0A).
2 L. | Store program status, lower 13 2 E 1 ; e —— , ;
= cPs {U Clear program status, upper, masked 74 3 El o . t?c +Processor cycle time (égggﬁ)o il ing
0| ™7 L] Clear program status, lower, masked 75 3 “El ] - : (EEE i e s it b A
E .. {u] Preset program status, R ‘ - tOR OPREQ pulse width® tep+ toH = 50 tcp +icH+ 76 ns
| pps upper, masked < 78 €l tCOR ~  Clock to OPREQ time (2650A-1) - 50 200 . g
g g L | Preset program status, . : . i : (2650A) 80 300 ns.
-1 lower, masked : : 7 i El 9 - : — — . o
; TPe {U Test program status, upper, masked [ B4 o 3 El 4 ~toap OPACK delay time (2650A-1) tcp — 250 A
=\ L'| Test program status, lower, masked . B5 : <] Eb 4 L , i (2650A) tcp — 350 - o
’ Con . ‘ toAH - OPACK hold time : tcp : - ns.
NOTES toss Control signal stable 50 L ns
1. Condmon code (CC1, CCO): 01 if positive, 00 if zero, 10 if nagaﬂve - - - = -t —
2. Condition.cods (CC1, CCO): 01 it RO >r, 00 if RO = r, 10RO <'r. twpD Write pulse delay tcH = 50 tc +100. ] N8
3. :Condition code (CC1, CCO): O1ifr >V, 00ifr=V, 10ifr< V. T . R . i
4. Condition code(CC1, CCO): 00 if all selected bits are 13 10if not all the selected bits —MPW Write pu',SG W|dth§ ol - 50 tg-+ 125 . e
amets. YRH INTREQ hold time 0 S ns
6. Index register must be regiater 3 or 3'. - - - -
‘6. Requires two additiona! cycles if indirection is specified: tPSE : Pause delay top ns
7. Requires two additiona) cycles if indirection is specified and bmnch is taken. - - -
8. Specify CC = 11 for unconditional branch. tRsST Reset width 3tep - N
9. RS, WC and COM bits in PSW are also affected. NOTES — =
0




INPUT/OUTPUT INTERFACE
The 2650 series mlcroprocessor haa a set
of versatite 1/0 instructions and can per
1/0-operations in a variety 'of ways. One- and
two byte 17O instructions -are provided, as
well a8 a special single-bit 1/0 facility. The
170 modes provided by the 2650 are dosig '
nated: as data, control, and exlended 1o,

Data or controI I/O mstructlons, ‘ caIIed
non-extended /0 mstructlons, ar one byte
long. Any general purpose reglster ca
used as the source or destination. A sp
control line indicates if either a data or con-
trol instruction is being executed.

Extended 1/0 is a two-byte read or write
instruction. Execution of an ‘extended 170
instruction will cause an 8-bit address, tak-

be placed on the low order eight address
lines. The data, which can originate or termi-
nate with any general purpose register, is
placed on the data bus. This type of 1/0 can
be used to simultaneousl /y select'a devuce
and send data to it.

Memory reference Inystructyion's that address
data Outside of physical mémory may also

be used forl/O operatlons When an instruc-

tion is executed the address ‘may be de-

coded by the I/O devnce rather than mem-

dfes‘sy 'bus, the 8-bit data bus an ] several
sngnals that operate m an mterIocked or
handshakmg mode

The wnte pulse annal xs dealgned to be
used as a memory. strobe signal for any
memory. type. It has been particularly. opti-
mized. to be used as the. ch:p enable or
read/write signal. :

INTERRUPT HANDLING
CAPABILITY

The 2650 series has a single level hardware
vectored mterrupt capabilny ‘When an inter-
rupt occurs; the processor finishes the cur-
rent instruction and sets the interrupt inhibit
bit'in the PSW. The procesasor then execites
a“branch to subroutine relative’ to location
zero (ZBSR) instruction and sends out inter-
rupt acknowledge and. operation request
signals..On receipt of the INTACK signal, the
.interrupting device inputs an 8-bit address,

ABSOLUTE MAXIMUM RATINGS1
PARAMETER RATING
TAa ‘Operating ambient temperature2 0°C to 70°C
Ts1G Storage temperature —65°C to +1560°C
Pp Package power digsipation2-: i ~1.6W
Al input, output, and supply —0.5V to +6V
voltages with respect to GND3 ' SR D

DC ELECTRICAL CHARACTERISTICS Ta= 0°C to 70°C, Vcc 5V +5%

, relatlve 'and eIatIve indarec

modes combmed with this 8

asa reauIt ’of the muIIipIIcIty of addressing
’m‘odes” 'Se’e‘ table 2 for a complet

an mdex reglster is available in the

‘tuc mdexed Instructiona AII oI the

mg can fbe condihonal

Reglster-to-remater mstruchons are one
byte;. reglster-to storage mstructlons are
two or three. bytes long. The two byte regls-
ter-to -memory mstrucﬂons are either lmme-
diate or relative addressing types. .

LIMITS TEEEL
. PARAMETER' TEST CONDITIONS Min ﬁp Max UNIT |
Current o ’ KA
L Input-load VN = O to 5.25V -10 10 )
LoH Output high leakage ADREN DBUSEN = 2.2V Vout = 4V -10 10
oL Output low leakage ADREN, DBUSEN = 2.2V VoyT = 0.45V| —10 © 10
i Voltage levels g N
VIH -Input-high 2.2 g Voo o
ViL ~ 7 Input low —0.5 0.8
VOH Output high loH = —100uA 2.4 RS
VoL Output low loL = 1.6ma 0 0.45 ,
icc Power supply current Vog = 5.2V Ta =0°C 150 mA
Capacitance e PF
CiN Input fc = IMHz 20 ‘
CouTt Output Unmeasured pins tied to ground 20
NOTES

1. Stresses above those. listed under “Ab

damage to the device. This is a stress rating only and functional op
these or at any other condition above those indicated in the operation sections of this

specification is not implied.

on of the d from the d:

" may cause permanent 3. This product includes circuitry specifically designed for the protection of its internal

ffects of static charge. Howevar, it is suggested

ice at PN

rated maxima. -’

2. For'aperating at elevated temperatures the device must be derated based on +150°C
maximum junction temperature and thermal resistance of 50°C/W junction to ambient

(IWA ceramic package).

SUAONES

that conventional precautions be taken to avoid applying any voltages larger than the -

listing -

_ ADDRESSING MODES AND IN

OPERATION CODE I-'I/ V

(Z) REGISTER ADDRESSING . . l ll I l .

'I

OPERATION CODE
—-——-—-J-——-——-—.—-\ #

(1) MMEDIATE ADDRESSING | |

ISTRUCTION FORMATS

SVMBOLS : ;
Regmtor number.

Indox vogmer number :

i R
V- VnIuo or. condmon
1 - Indirect bit

OPERATION CODE R/V
e

RELATIVE DI

| —64<DISPLACEMENT <+63

.

(R) RELATIVE ADDRESSING l ,

SPLACEMENT

[TTIT

*INDEX HIGHER ORDER

" LOWER ORDER ADDRESS

OPERATION CODE  R/X ') CONTROL ~ ADDRESS
G i e ek . 10 NP by & i i
TN NN / AY / - - TN
(AYABSOLUTE ADDRESSING 1 '
(NON-BRANCH INSTRUCTIONS) coki L : L1 1
o ’ HIGHER ORDER ADDRESS o
v s 5 Y5 N
OPERAT,IP,N CODE .. R/C 1. PAGE LOWER ORDER ADDRESS .
N A AR A T\
(B) ABSOLUTE ADDRESSING ;
(BRANCH: INSTRUCTION) } BRG Ecd o ]_
HIGHER OR?ER ADDRESS - :
7 \ o
(UNUSED) PAGE LOWER ORDER ADDRESS
. ) 7N/ \ S » \
INDIRECT ADDRESSING
OPERATION CODE
, Y ! )
(E) MISCELLANIEOUS INSTRUCTIONS

“*INDEX.CONTROL

00 -'Non:indexed
s v Indexed with auto-increment
10 - Indexed with auto-decrement

“ : 11 - Indexed oniy

Figure 2




DATAIN

Figure 3

* VALID -DATA *

CLOCK

OPREQ

AQ-A14. =

MO

WRP

OPACK

WRITE TIMING

tas

<—-|— tps ‘DS
tcss tcss
—
tcss: tcss
+
twpp ! - | tcss =
tOAH
toap
Figure 4
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four pages of 92
bytes each The processor instructions are
one, two, or three bytes long, depending on
‘the instruction. Variable length instructions
tend to conserve memory space since a
one or-two byte instruction may often be
used rather than'a three byte mstructron
The: first byte of each instruction  always

. -specifies the operation to be performed and

the -addressing mode to be used. Most

‘instructions use six of the first eight bits for

this purpose, with the remaining two bits
forming the register field. Some instructions
use.the full eight bits as an operation code.

The data bus and address signals are tri-
state to provide convenience in system de-
sign. Memory and 1/0 interface signals are
asynchronous so that direct memory access
(DMA) and multrprocessor operations are
easy to implement.

“The block diagram for the 2650 series (fig-

“ure. 1). shows the major internal components

--and the data:paths that interconnect them.

In“order for the processor to execute an in-

struction, it performs the following general

steps:

1..The mstructlon address regrster provrdes
an address for memory. ,

2. The first byte of an instruction is fetched

- from memory and stored in the rnstructlon

. reglster

3. The instruction register (IR) is decoded
to determine the type of instruction and
the addressing mode.

4. If an operand from memory is requlred
the operand address is resolved and
loaded mto the operand address regis-
ter.

5. The operand is fetched from memory and
the operation is executed.

6. The first byte of the next instruction is
fetched. . .. L

The instruction register holds the first byte

of each instruction and directs the subse-
quent operations required to execute each

: sequencmg of all the other elemerrts on the

chrp The, holdmg register is used in some

perform all of the data mamp ation per-
atrons mcludmg Ioad store, add subtract

‘and"coritrols”’thez‘cjarry brt;, the overﬂow brt,
the interdigit carry and the condition code
register. .

The ‘register -stack containg six: ‘registers
‘that are organized into. .two banks of three
registers each. The e |ster select bit picks
one of the two banks to.-be accessed by
instructions. In order. to ,accommo,date the
register-to register,jnﬂstructions, register
.zero (RO) is outside the array. Thus, register
zero is always available along with one set

of three registers. ...

The address adder is used toincrement the

‘instruction address and to’calculate relative

and indexed addresses.

The instruction address-register holds-the
address of the next instruction byte to be

Table 1 PROGRAM STATUS WORD

,‘tructro'n is executed When a re-
' ecuted he RAS pro-

ext available level in the
stack. It always pomts to. the .current ad-

: ;:OGRAM STATUS wono

“The fﬂprogram status word (PSW) is.a major
: feeture of the 2650 which greatly increases

its flexrbrlrty and processing. power. The
PSWisa specral purpose register within the
processor. that contams status and control
bits. : -

It.is divided into two.bytes called the pro-
gram status .upper (PSU) and program sta-
tus lower (PSL). The PSW bits may be test-
ed; loaded; stored, preset, or.cleared using
the mstructrons which affect the PSW. The
bits are utilized as shown in table 1.

made.

‘instructiona.

PSUO 1,2 SP | Pointer for the return address stack
~PSUSZ;4 “Not'used. These bits are always zero. .
PSU5 i Used to inhibit recognition of additional Interrupts
PsU6 'F | 'Flagis a latch directly driving the flag output. -
PSU7 S Sense equals the state of the sense input.
PSLO. | C:{“Carry stores any carry from the high-order bit-of ALU.:.
PSL1_|COM/| Compare determines if a logical -or arithmetic companson is to be

PSL2 - | OVF:|. Overflow is set if a two's complement overflow. occurs.
PSL3 WC: | With carry determines if the carry. is.used in arithmetic and rotate

PSL4 RS ‘| ‘Register select rdentmes which bank of 3 GP regrsters is-being used
PSL5S | IDC | Interdigit carry stores the bit-3 to bit-4 carry in arithmetic operations.
PSL6,7 | CC | Condition code is affected by compare, test and arithmetic instructions.

: Interrupt mhrbrt

SP2  Stack pointer two
SP1:.Stack pointer one
SPO Stack pointer zero

,smm!tir:s

PSU PSL .
716 ls|ala3|2|11]o0 7 |66 |4 32 1 oo
s|Fin|—|—|sp2|spPiispro CC1|{CCO|IDC|RS:|{WC | OVF |[COM| C
S .Sense CC1 Condition code one
F Flag CCO. Condition code zero

IDC Interdigit carry
RS Register bank select
WC. .. With/without carry
OVF Overflow
‘COM  “Logical’ anthmetlc compare
" C ‘Carry/borrow




PIN DESIGNATION

NAME.

DATAIN

RUN/WAIT:

—t—
Figure 6

MNEMONIC | NUMBER
ADRO-ADR12 142 Address lines
ADR13-E/NE 19 Address 13-
' : Extended/Non extended | - -
ADR14-D/C 18 Address 14- o)
Data/Control
ADREN 15 Address enab_le |
DBUSO-DBUS7 | 33-26 Data bus 10
DBUSEN : 25 .- Data bus enable |
'OPREQ 24 ‘Operation request o | rlrtd'i:cates ﬁto ,eitarnal devices that all. address, data and control
o . information is valid.
OPACK 36 Operation acknowledge I Active low input indicating completion of an external operatlon This |
SR e : : : allows asynchronous tunctromng of ‘external dev:ces. . e
M/10 20 Memory/input-output -0 indicates whether the current operation- references memory or /0.
R/W 23 Read/Write (o] Indicates a read or a write operation. o
WRP: 22 Write puise (o) This is a timing signal from the 2650 that provrdes a posmve going [
: & pulse during each requested write: operation (memory or 1/ O) and a
high level during read operations. '
SENSE 1 Sense | The sense bit in the PSU reflécts the Ioglc state of the sense mput to
the processor at pin #1. :
" FLAG 40 ““Flag’ o] The flag bit in the PSU is tred toa Iatch that drlves the flag output at :
) pin #40.
INTREQ 17 Interrupt request R This active low input line indicates to the processor that an external |
: - device is requesting service. The processor will recognize this sig-
nal at the end of the current instruction if the interrupt inhibit status
o bit is zero.
“INTACK 34 Interrupt acknowledge o This line mdrcatas that the 2650 is ready to receive the interrupt |
i : ) vector (relative addresa byte) from the interrupting device. ,
PAUSE 37 Pause I - This active low input is used to suspend processor operation atthe | .
! : end of the current instruction.
RUN/WAIT - 35 Run/Wait (o] This output is a processor stvat‘us‘indicator. During normal operation
‘ this line is high. If the processor is halted-either by executing a halt
instruction or by a low input on the pause line, the run/ wait line will
: g0 low..
‘RESET ‘16 Reset | Resets the mstructlon address reglster to zero. Clears interrupt |
inhibit.
CLOCK 38 Clock 1 A positive going pulse tram that determines the instruction execution
: time. -
Vee 39" " +5V supply I +5V power
GND 21 Ground I Ground
2 sifnotics

PAUSE TMING

AV

-/

Figure 7.
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6PAcx
RUN/WAIT
‘a'syin'chro,nous memory
address stack i included onthe chip. ., jnterfaces directly with industry s,,ta,’
AAddressing range of these processors is  dard memories ' ~
‘32K bytes of memory and 258:1/0 devices.
A single level hardware vectored interrupt

 ORDERING CODE V¢ = 5V + 5%, TA = 0°C to 70°C
: R . CYCLE TIME
.y . 1.5u8 : o 2.4;45 by s e
CeramicDIP. | .. ... 2650A-11. . . 2650AI b anE

St OBB60AIN i .. 2650AN S

INTREQ

'PACKAGES

.ADAAM-D/C [18]

STACK -
POINTER

. ‘REGISTER
STACK

CONDITION

g ZoRAAREY, CODE AND

" SUBROUTINE g : BRANCH LOGIC
RETUAN . : : ; ;

ADDRESS

. STACK

MULTIPLEXER

DATA'BUS
REGISTER

DATA BUS

bh

INSTRUCTION
4. ++MDDRESS
T REGISTER

OUTPUT CONTROL

“AnoRESS BUS K } .
: : HOLDING INSTRUCTION

OPERAND - el . 1" aecisTer | .. REGISTER..
ADDRESS :
REGISTER

READ, DECODING
WRITE, AND
INTERRUPT CONTROL

. <
ADDRESS AND STOP
N TIMING
‘ T 1 > L0GIC

Figure 1

Sijnotics




