CMOS Peripherals

CDP1855, CDP1855C

m Cascadable up to 4 units for 32-bit by 32-bit multiply or 64 < 32 bit divide

8-bit by 8-bit multiply or 16 + 18 bit divide in 5.6 usat5 Vor2.8 us at 10 V

Significantly increases throughput of microprocessor used for
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TERMINAL ASSIGNMENT

The RCA-CDP1855 and CDP1855C are CMOS 8-bit
multiply/divide units which can be used to greatly increase
the capabilities of 8-bit microprocessors. They perform
multiply and divide operations on unsigned, binary
operators. In general, microprocessors do not contain
multiple or divide instructions and even efficiently coded
multiply or divide subroutines require considerable memory
and execution time. These multiply/divide units directly
interface to the CDP1800 series microprocessors via the
N-lines and can easily be configured to fit in either the
memory or |/O space of other 8-bit microprocessors.

The multiple/divide unitis based on a method of multiplying
by add and shift right operations and dividing by subtract
and shift left operations. The device is structured to permit
cascading identical units to handle operands up to 32 bits.

The CDP1855 and CDP1855C are functionally identical.
They differ in that the CDP1855 has a recommended
operatingvoltage range of 4-10.5volts, and the CDP1855C,
a recommended operating voltage range of 4 - 6.5 volts.

The CDP1855 and CDP1855C types are supplied in a 28-
lead hermetic dual-in-line ceramic package (D suffix) and
in a 28-lead dual-in-line plastic package (E suffix). The
CDP1855C is also available in chip form (H suffix).
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Fig. 1 - Circuit configuration for MDU addressed as an /0 device.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp)
(Voltage referenced to Vgg Terminal)

CDPIBES . ... s E -0.5t0o+11V
CDPTBEEC ..ttt et e et e ettt e et ettt eaas -05to+7V
INPUT VOLTAGE RANGE, ALL INPUTS -0.5to Vpp +0.5V
DC INPUT CURRENT, ANY ONE INPUT ..o ititiiitttittttiititiiteteee et aitetttte et et aiiiaaeiteeeeaieaeaaaanaaes 10 mA

POWER DISSIPATION PER PACKAGE (Pp):
FOr TA =-4010 +60°C (PACKAGE TYPE E) ... uttttenttt ettt e eiane e e et e et et e e e eateeeaantaanneeeaaanaaeeees
For TA = +60 to +85°C (PACKAGE TYPE E). ..
For TA = -55 to 100°C (PACKAGE TYPED).....
For TA = +100 to +125°C (PACKAGE TYPE D)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package L7 - L= L 100 mW
OPERATING-TEMPERATURE RANGE (TA):
P A CKAGE TYPE Dttt et ettt ittt e et e et e ettt e e ee e et e e s e e s ae e aaeeasaaneennennananaanneanaes -55 to +125°C
P A KA GE TYPE E . ouiittitit ettt et ettt ettt ettt ettt te et e e s ae e te s et e e et eanennenneennanenennannns -40to +85°C
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32 inch (1.59 1 0.79 MmM) from CaSE fOr 108 MAX. .« eevvvteeerureenneennneeenneerumuneeseneeesnneees +265°C
STATIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp + 10%, Except as noted
CONDITIONS LIMITS
CHARACTERISTIC Vo VIN VbD CDP1855 CDP1855C UNITS
(\)) ) ) Min. | Typ.e | Max. | Min. | Typ.e | Max.
Quiescent Device = 0,5 5 — [ o.01 50 — | 0.02 | 200 A
Current op) — lo1] 10 — 1 200 | — — - #
Output Low Drive 0.4 0,5 5 1.6 3.2 - 1.6 32 —
(Sink) Current 1o 0.5 0, 10 10 2.6 5.2 - - = — mA
Output High Drive 4.6 0,5 5 -1.15 | -23 - -1.15 || -23 -
(Source) Current 10H 9.5 0,10 10 -2.6 -5.2 — — — —
Output Voltage - 0,5 5 - 0 0.1 - 0 0.1
Low-Level VoLt — 0, 10 10 — 0 0.1 — — —
Output Voltage — 0,5 5 49 5 — 4.9 5 -
High Level VOHt — 0, 10 10 9.9 10 - — — - v
Input Low 0.5,4.5 - 5 - - 15 —_ - 15
Voltage Vi 05,95 — 10 — — 3 —_ — —
Input High 0.5,4.5 — 5 3.5 - — 3.5 — —
Voltage Vi4 | 05,95 — 10 7 — — — — —
Input Leakage —_ 0,5 5 —_ - +1 - — +1
Current N — 0, 10 10 — — +1 — — — A
3-State Output Leakage 05 | 05 | 5 — = | = = =1 =] “
Current lout|] 0,10 | 0,10 10 - — +10 - - —
. — 0,5 ) — 1.9 — — 1.9 3
Operating Current IDD1# _ 0,10 10 _ 6 12 _ _ _ mA
Input Capacitance CIN — — — — 5 75 - 5 7.5 F
Output Capacitance CouT — — —_ —_ 10 15 —_ 10 15 P

eTypical values are for Tp = 25°C and nominal Vpp.
#Operating current is measured at 3.2 MHz with open outputs.

floL = 1oH = 1 kA.
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OPERATING CONDITIONS at T = Full Package-Temperature Range. For maximum reliabllity, operating conditions should
be selected so that operation is always within the following ranges:

CONDITIONS LIMITS
CHARACTERISTIC Vpp CDP1855 CDP1855C UNITS
(V) Min. Max. Min. Max.
DC Operating Voltage Range — 4 10.5 4 6.5 v
Input Voltage Range — Vss VbD Vss VbD
Maximum Input Clock 5 3.2 — 3.2 = MHz
Frequency 10 6.4 — —_ -
Minimum 8 x 8 Multiply | 5 — 5.6 — 5.6 us
(16 =+ 8 Divide) Time 10 - 2.8 - —
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Fig. 2 - Block diagram of CDP1855 and CDP1855C.
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FUNCTIONAL DESCRIPTION

The CDP1855 is a multiply-divide unit (MDU) designed to
be compatible with CDP1800 series microprocessor
systems. It can, in fact, be interfaced to most 8-bit
microprocessors (see Fig. 5). The CDP1855 performs binary
multiply or divide operations as directed by the micro-
processor. It can do a 16N-bit by 8N-bit divide yielding an-
8N-bit result plus and 8N-bit remainder. The multiply is an
8N-bit by 8N-bit operation with a 16N-bit result. The “N”
represent the number of cascaded CDP1855'sand canbe 1,
2, 3 or 4. All operations require 8N + 1 shift pulses (See
“DELAY NEEDED WITHAND WITHOUT PRESCALER" Pg.
7).

The CDP1855 contains three registers, X, Y, and Z, which
are loaded with the operands prior to an operation and
contain the results at the completion. In addition, the
control register must be loaded to initiate a multiply or
divide There 1s also a status register which contains an
overflow flag as shown in the “CONTROL REGISTER BIT
ASSIGNMENT TABLE" The register address lines (RAO-
RA1) are used to select the appropriate register for loading
or reading. The RD/WE and STB lines are used In
conjunction with the RA lines to determine the exact MDU
response (See “CONTROL TRUTH TABLE")

When multiple MDU's are cascaded, the loading of each
register is done sequentially. For example, the first selection
of register X for loading loads the most significant CDP1855,
the second loads the next significant, and so on. Registers
are also read out sequentially. This is accomplished by
internal counters on each MDU which are decremented by
STB during each register selection. When the counter
matches the chip number (CN1, CNO lines), the device is
selected. These counters must be cleared with a clear on
pin 2 or with bit 6 in the control word (See “CONTROL
REGISTER BIT ASSIGNMENT TABLE") in order to start
each sequence of accesses with the most significant device.

The CDP1855 has a built in clock prescaler which can be
selected via bit 7 in the control register. The prescaler may
be necessary in cascaded systems operating at high
frequencies orin systems where a suitable clock frequency
is not readily available. Without the prescaler select, the
shift frequency is equal to the clock input frequency. With-
the prescaler selected, the rate depends on the number of
MDU's as defined by bits 4 and 5 of the control word (See
“CONTROL REGISTER BIT ASSIGNMENT TABLE").

1 For one MDU, the clock frequency is divided by 2.

2. For two MDU's the clock frequency is divided by 4.

3. For 3 or 4 MDU's, the clock frequency is divided by 8.

OPERATION

1. Initialization and Controls

The CDP1855 must be cleared by a low on pin 2 during
power-on which prevents bus contention problems at the
YL, YR and Z|, ZR terminals and also resets the sequence
counters and the shift pulse generator.

Prior to loading any other registers the control register must
be loaded to specify the number of MDU'’s being used (See
“CONTROL REGISTER BIT ASSIGNMENT TABLE").

Once the number of devices has been specified and the
sequence counters cleared with a clear pulse or bit 6 of the
control word, the X, Y, and Z registers can be loaded as
defined in the “CONTROL TRUTH TABLE". All bytes of the
Xregister can be loaded, then all bytes of the Y, and then all
bytes of the Z, or they can be loaded randomly. Succcessive
loads to a given register will always proceed sequentially
from the most significant byte to the least significant byte,
as previously described Resetting the sequence counters
select the most significant MDU. In a four MDU system,
loading all MDU's results in the sequence counter pointing
to the first MDU again In all other configurations (1,2, or 3
MDU's), the sequence counter must be reset prior to each
series of register reads or writes.

2. Divide Operation

For the divide operation, the divisor Is loaded in the X
register Thedividendisloaded inthe Y and Z registers with
the more significant half in the Y register and the less
significant half in the Z register. These registers may be
loaded In any order, and after loading is completed, a
control word 1s loaded to specify a divide operation and the
number of MDU's and also to reset the sequence counters
and Y or Z register and select the clock option if desired.
Clearing the sequence counters with bit 6 will setthe MDU’s
up for reading the resuits.

The X register will be unaltered by the operation. The
quotient will be In the Z register while the remainder will be
In the Y register. An overflow will be indicated by the
CO/OF of the most significant MDU and can also be
determined by reading the status byte

While the CDP1855 is specified to perform 16 by 8-bit
divides, if the quotient of adivide operation exceeds the size
of the Z register(s) (8N-bits - where N is the number of

cascaded CDP1855's) the overflow bit in the Status Register
will be set. Neither the quotient in Z nor the remainder in Y
will represent a valid answer This will always be the result
of a division performed when the divisor (X) 1s equal to or
less than the most significant 8N-bits of the dividend (Y)

The MDU can still be used tor such computations if the
divide 1s done in two steps The dividend 1s split into two
parts—the more significant 8N-bits and the less significant
8N-bits—and a divide done on each part Each step yieids
an 8N-bit result for a total quotient of 16N-bits.

The first step consists of dividing the more significant 8N-
bits by the divisor Thisisdone by clearing the Y register(s),
loading the Z register(s) with the more significant 8N-bits of
the dividend, and loading the X register(s) with the divisor
A division 1s performed and the resultant value in Z
represents the more significant 8N-bits of the final quotient
The Z register(s) value must be unloaded and saved by the
processor

A second division is performed using the remainder from
the firstdivision (1n Y) as the more significant 8N-bits of the
dividend and the less significant half of the original dividend
loaded into the Z register Thedivisorin X remains unaltered
and s, by defimition, larger than theremainder from the first
division whichisin Y The resulting value in Z becomes the
less significant 8N-bits of the final quotient and the value in
Y is, as usual, the remainder

Extending this technique to more steps allows division of
any size number by an 8N-bit divisor )

Note that division by zero is never permitted and must be
tested for and handled in software

The following example illustrates the use of this algorithm
Example:

Assume three MDU's capable of a by 24-bit division The
problem is to divide 00F273,491C06H by 0003B4H

Stept 000000 , O0F273 / 0003B4 = 000041 R=0001BF
Y Z(MS) X 21 Y1
Step 2° 0001BF , 491C06 / 0003B4 = 78C936 R=00000E
Y1 Z(LS) X zZ2 Y2
Result: 000041 78C936 R=00000E
Z1 22 Y2
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OPERATION (Cont'd)

The Z register can simply be reset using bit 2 of the control
word and another divide can be done in order to further
divide the remainder.

3. Multiply Operation

For a multiply operation the two numbers to be multiplied
are loaded in the X and Z registers The resultisinthe Y and

Z register with Y being the more significant half and Z the
less significant half. The X register will be unchanged after
the operation 1s completed

The original contents of the Y register are added to the
product of X and Z Bit 3 of the control word will reset
register Y to 0 if desired.

FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS

CE - CHIP ENABLE (Input):

Ahigh on this pin enabies the CDP1855 MDU to respond to
the select lines. All cascaded MDU's must be enabled
together. CE also controls the tristate C.0./O.F., output of
the most significant MDU.

CLEAR (input):

The CDP1855 MDU(s) must be cleared upon power-on with
a low-on this pin. The clear signal resets the sequence
counters, the shift pulse generator, and bits 0 and 1 of the
control register.

CTL — CONTROL (Input):

Thisisaninput pin. All CTL pins must be wired together and
to the Y|_ of the most significant CDP1855 MDU and to the
ZR of the least significant CDP1855 MDU. This signal is
used to indicate whether the registers are to be operated on
or only shifted.

C.0./0.F. — CARRY OUT/OVER FLOW (Output):

This is a tristate output pin. It is the CDP1855 Carry Out
signal and is connected to Cl (CARRY-IN) of the next more
significant CDP1855 MDU, except for on the most significant
MDU.Onthat MDU itisan overflow indicator and is enabled
when chip enables is true. A low on this pin indicates that an
overflow has occured. The overflow signal is latched each
time the control register is loaded, but is only meaningful
after a divide command.

YL, YR — Y-LEFT, Y-RIGHT:

These are tristate bi-directional pins for data transfer
between the Y registers of cascaded CDP1855 MDU's. The
YR pinisanoutputand Y| isaninputduring a multiply and
the reverse is true at all other times. The Y| pin must be
connected to the YR pin of the next more significant MDU.
An exception is that the Y|_ pin of the most significant
CDP1855 MDU must be connected to the ZR pin of the least
significant MDU and to the CTL pins of all MDU's. Also the
YR pin of the least significant MDU is tiexd to the Z|_pin of
the most significant MDU.

Z|, ZR — Z-LEFT, Z-RIGHT:

These are tristate bi-directional pins for data transfers
between the “Z" registers of cascaded MDU’s. The ZR piniis
an output and Z| is an input during a multiply and the
reverse is true at all other times. The Z|_pin must be tied to
the YR pin of the next more significant MDU. An exception
is that the Z| pin of the most significant MDU must be
connected to the YR pin of the least significant MDU. Also,
the ZR pin of the least significant MDU is tied to the Y_of the
most significant MDU.

SHIFT — SHIFT CLOCK:

This is a tristate bi-directional pin. It is an output on the
most significant MDU. And an input on ail other MDU's. It
provides the MDU system timing pulses. All SHIFT pins
must be connected together for cascaded operation. A
maximum of the 8N +1 shifts are required for an operation
where “N” equals the number of MDU devices that are
cascaded.
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CLK — CLOCK (Input):

This pin should be grounded on all but the most significant
MDU. There is an optional reduction of clock frequency
available on this pin if so desired, controlled by bit 7 of the
control byte.

STB — STROBE (Input):

When RD/WE is low data is latched from bus lines on the
falling edge of this signal. It may be asynchronous to the
clock. Strobe also increments the selected register’s
sequence counter during reads and writes. TPB would be
used in CDP1800 systems.

RD/WE — READ/WRITE ENABLE (Input):
This signal defines whether the selected register is to be
read from or written to. In 1800 systems use MRD if MDU's

are addressed as 1/0 devices, MWR is used if MDU'’s are
addressed as memory devices.

RA2, RA1, RAO — REGISTER ADDRESS (Input):

These input signals define which register is to be read from
or written to. It can be seen in the “"CONTROL TRUTH
TABLE" that RA2 can be used as a chip enable. It Is
identifical to the CE pin, except only CE controls the tristate
C O.70.F onthe mostsignificant MDU. In 1800 systems use
N lines if MDU's are used as I/0 devices, use address lines
or function of address lines if MDU’s are used as memory
devices.

BUS 0 — BUS 7 - BUS LINES:

Tristate bi-directional bus for direct interface with CDP1800
series and other 8-bit microprocessors.

ZR — Z-RIGHT:

See Pin 6.

YR — Y-RIGHT:

See Pin 5.

‘Cl— CARRY IN (Input):

This is an input for the carry from the next less significant
MDU. On the least significant MDU it must be high (Vpp)
on all others it must be connected to the CO pin of the next
less significant MDU

CN1, CNO — CHIP NUMBER (Input):

These two input pins are wired high or low to indicate the
MDU position in the cascaded chain. Both are high for the
most significant MDU regardiess of how many CDP1855
MDU's are used. Then CN1 = high and CNO = low for the
next MDU and so forth.

Vgs — GROUND:
Power supply line.
Vpp — V+

Power supply line.
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CONTROL TRUTH TABLE
INPUTS*
RA2 RA1 RAO RD/WE  STB RESPONSE

CE (N2) (N1) (NO) (MRD) _ (TPB)
0 X X X X X | NO ACTION (BUS FLOATS)
X 0 X X X X | NO ACTION (BUS FLOATS)
1 1 0 0 1 X | X TO BUS] INCREMENT SEQUENCE
1 1 0 1 1 X |z TOBUS) COUNTER WHEN
1 1 1 0 1 X |Y TOBUS\ STB AND RD = 1
1 1 1 1 1 X | sTATUSs TO BUS
1 1 0 0 0 1 LOAD X FROM BUS| INCREMENT
1 1 0 1 0 1 LOAD Z FROM BUS{ SEQUENCE
1 1 1 0 0 1 LOAD Y FROM BUS ) COUNTER
1 1 1 1 0 1 LOAD CONTROL REGISTER
1 1 X X 0 0 | NO ACTION (BUS FLOATS)

* () = 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level.

CONTROL REGISTER BIT ASSIGNMENT TABLE

BUS 7 BUS 6 BUS § BUS 4 BUS 3 BUS 2 BUS 1 BUS 0

v

B1 B0 | OPERATION SELECT
REGISTER 0 0 NO OPERATION
RESET 0 1 MULTIPLY
+ - 1 0 DIVIDE
1 1 ILLEGAL STATE

B2 =1, RESET Z REGISTER
B3 =1, RESET Y REGISTER

BS B4 # of MDU's
1 1 ONE MDU
v 1 0 TWO MDU's
0 1 THREE MDU's
v 0 o FOUR MUD's # OF MDU's | SHIFT RATE

1 CLOCK + 2
B6 = 1, RESET SEQUENCE COUNTER 2 CLOCK =+ 4
3 CLOCK + 8
B7 =1, SELECT SHIFT RATE OPTIONS: ———» 2 CLocK T3

B7 = 0, SHIFT = CLOCK FREQUENCY RATE

STATUS REGISTER

Status Byte
Bit 7 6 543210

Output 0 0 00O0O0OO OF.
O.F. = 1 if overflow (only valid
after a divide has been done)

NOTE: Bits 1 — 7 are read as 0 always
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8N+1 Shifts/Operation at 1 Clock Cycle/Shift

N = Number of MDU'’s

S = Shift Rate

DELAY NEEDED WITH AND WITHOUT PRESCALER

No Prescaler With Prescaler
Number Machine Machine
of Shifts - gN+1q Cycles Shifts - g (gN+1) Cycles Shift
MDU'’s Needed Needed* Needed Needed* Rate
1 9 2 (1. NOP) 18 3 (1 NOP) 2
2 17 2 (1 NOP) 68 9 (3 NOPs) 4
3 25 3 (1 NOP) 200 25 (9 NOPs) 8
4 33 4 (2 NOPs) 264 33 (11 NOPs) 8
“NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used.
CDP1855 INTERFACING SCHEMES = 14] 28 c
[Vss Vop ON® cNI €T »
YR
< L Eﬂ
7 v ) copi8ss CTL e
CLEAR CLEAR |'VOD ' :—%3
XTAL CLOCK ZR
MAO RAO cI Bus 7 &
MAI RAI 121 7
Hon CNO :32 : [20° DATA BUS
MAX ADDRESS ——»{RA2 CNI 19
LATCH BUS 4 — DATA
1802 F 1855 2| crEAr Bus 3 H& B8US
TPA YL 8k suUs 2 HI-
MWR RE/WE zna ': RO/WE BUS | :—:— 3
— __T‘_D—. cE  cTL RReramagce” > |3
TPB STB YR ®
= et nf2fizf 3
sus EF €0 gys 2t ;-' A8 | ®
i_J [ T l a9
I0/M
WR
92CS-33173RI ——Cﬁ_—*m
174 CD40OII
LK(OUT)
RESET OUT,
174CD40I1  gpcs-31870

Fig. 3 - Required connection for memory
mapped addressing of the MDU.
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Fig. 4 - Interfacing the CDP1855 to an 8085
microprocessor as an 1/0 device.
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PROGRAMMING EXAMPLE FOR MULTIPLICATION

Fora 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply
201F7C1g by 723C091¢:

MEMORY OoP LINE ASSEMBLY

LOCATION CODE NO. LANGUAGE
OO F8T0; 0001 LDI oZoH
Qoo P Q002 FLO R2 ..LOAD X0 INTO RZL.O

9 FBOO; QOO LD1I 0OH
0005 R23 0004 FH1 R2 ..LOAD 00 INTO R2.1 (R2=0030)
LOO6L 67583 Q005 Our 73 DC OS8H ..LOAD CONTROL REGISTERS
ouog H Q006 ..SFECIFYING THREE MDU"S,
[elRla]=} H Q007 ..RESET THE Y REGISTER AND
[alalal:] H QOOE . . SEQUENCE CUOUNTER
oo 64203 00O OUT 4; DC 020H ..LOAD MSER OF X REGISTER
O00A H Q010 - <WITH 20
QOOA b41F; 0011 OUT 4; DC OlFH ..LOAD NEXT MSE OF X REG
QOOC H 0017 ««WITH 1IF
00ocC 64703 0O17x OUT 4; DC O7CH ..LOAD LSE OF X REGISTER
QOQE 3 0014 «.W1TH 7C
QUOE 65723 0015 OQUT S: DC O72H ..I.0AD MSR OF Z REGISTER
Q010 3 [S1a3 - CWITH 72
0010 &5Z3Cs 0017 OUr S; DC 0XCH ..LOAD NEXT MSE OF Z REG
Qo1 H 0018 «LWITH iC
OO12 LSO 0019 uulT 9y DL O%9H ..LOAD LSK OF Z REGISTER
o014 3 OO0 «WITH 09
[RISNY: L7559 QO Qur 73 DG 0S9H . .LOAD CONTROL REG1STERS
QOUle H OOnY ..RESETTING Y REGISTERS
QOlé H QLA . «AND SERUENCE COUNTERS
oulé H 00Ol4 . «.AND STARTING MULTIKFLY
[SISR Y- H 0025 «« OFERATION
DELAY FOR MULTIPLY TO FINISH
0014 A Q026 SEX R2
0017 bE&O; QOL7 INF 63 IRX ..MSR OF RESULTS IS STORED
a0le H aorg .. AT LOCATION Q030
a1 LESLOY 0029 [NF 635 1RX
QOLE bELO; QOZ0 INF &3 IRX
0uiD 6D&O 0031 INF S; IRX
OOLF &DbLs 0032 INF 53 IRX
0021 6Ds Q0I3 INF S . .COMFLETE LOADING RESULT
Q074 .« INTO MEMORY LOCATIONS
H QOIS L O0TO TO QOIS

QO2D H VU6 . « RESBULTS=0ESS8DRAZERSC
0022 0225 0077 STOF BR STOF
QuR4g H 00z8 END
QOLQ

The result of 201F7C1g x 723C091¢ is 0E558DBA2B5C =
1567606127972761¢. It will be stored in memory as follows: BEFORE MULTIPLY

MDU1 MDU2 MDU3
Register X 20 1F 7C
Loc BYTE Register Y 00 00 00
0030 0E Register Z 72 3aC 09
31 55
32 8D
33 BA AFTER MULTIPLY
34 28
35 5C MDU1 MDU2 MDU3
Register X 20 1F C
Register Y OE 55 8D
Register Z BA 2B 5C
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412

PROGRAMMING EXAMPLE FOR DIVISION

MEMORY
LOCATION
0000
0000
0000
0000
0004
0004
0008
0008
000C
000C
000C
000F
000F
000F
000F
0011
0011
0014
0016
0016
0016
0019
0019
0019
001C
001C
001C
001F
001F
0021
0021
0021
0021
0024
0024
0027
0027
0028
0000

oP

CODE

68C22000;
68C33000;

68C44000,

i

E067F0;

E464;

E06600;
E365;

E067F2;

i

E26D60;

)

E067FO0;

E365,

E067F2;
E26D60,
6E,

ASSEMBLY
LANGUAGE

Program example for a 16 bit by 8 bit divide using 1 CDP1855 MDU

RLDI R2,2000H
RLDI R3,3000H

RLDI R4,4000H

SEX RO, OUT 7; DC OF0H

SEX R4, OUT 4

SEX RO; OUT 6, DC 0

SEXRS3, OUT 5

SEX RO; OUT 7, DC OF2H

SEX R2, INP 5; IRX

SEX RO; OUT 7, DC OFOH

SEXRS3, OUT 5

SEX RO, OUT 7; DC OF2H
SEX R2, INP 5, IRX

INP 6

. Gives a 16 bit answer with 8 bit remainder

. Answer Is stored at 2000 hex

Register 2 points to it
Dividend is stored at 3000 hex
Register 3 points to it

. Divisor is stored at 4000 hex

Register 4 points to it

Write to the control register to use
clock / 2; 1 MDU; reset sequence

. counter, and no operation

Load the divisor into the X register
Load 0 into the Y register

Load the most significant 8 bits of
the dividend into the Z register

Do the first divide, also resets the

. sequence counter

Read and store the most significant
8 bits of the answer at 2000 hex

. Reset the sequence counter

. Load the 8 least significant 8 bits

of the original dividend into the Z
register

Do the second division

Read and store the least significant

8 bits of the answer at 2001 hex

Read and store the remainder at 2002
hex




CMOS Peripherals

CDP1855, CDP1855C

For the divide operation (Fig. 5), the formula is:

Y3Y2Y1Z3Z22Z4 YaY2Yq
———————— =232y t ———m8—————
X3XaXq X3X2X4
EF
ZDATA BUS BUS
8 WMRD
TPB TO
CLEAR |CPY
N2
NI
. . NG
8 8 8 o
v v
®Bus R s ¢ ®rgus R s ¢ Voo [BUS R T
7 b R bew 2 % & 72 b &
7 (A
N z oNt
cNg E RAQ cng B RAG cng E RAD
cLock CcLK RAI — _ECLK RAI |— CcLK RAI—
SHTFT RA2 |—) T={SHIFT RA2 e SHTET RA2
— Y Y % ¥ Y Y
L R L R L R Voo
— ZL ZR rAR ZRr L ZR 1
oF TT ] 353 To <T
CE  cTL CE  cTL CE cTL
)| )|
Voo
OR
170 SELECT
MOST SIGNIFICANT LEAST SIGNIFICANT
92CM-31850

Fig. 5 - Cascading three MDU’s (CDP1855) in an 1800 system with MDU's being accessed as
1/0 ports in programming example.

cLock
EFl
ey 7772077777 s
MRD
4 i)
CLEAR
- -
7 NO
BUSR § C BUSEST q FA
BUS R S C BUS R § C
Vi DTL Vi 0 L DT
2D ;8 R oo ;B8R Vop 78R 78R
&cm ¥ o B ont @ —en ¥
cno - Rao | cNo  Rag cNe  RAQ| o Raol- |
LK RAI cLk_ RAI | 3ok Ral cLK Rl
SHIFT RA2 THEHFT  RA2 SHIFT Razl— THSHIFT RAZ—
& YR " R YL R \ YR— 2P
iz LA L 2z
—OoF [ co (4 co [34 o CIrTT
cOPIBSS CDPIB5S coPIgss COPIBSS
CE CTL CE_CTL CE CTL CE_CTL
92¢s- 34407
MOST SIGNIFICANT LEAST SIGNIFICANT

Fig. 6 - Cascading four MDU's (CDP1855).
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CMOS Peripherals

CDP1855, CDP1855C

DYNAMIC ELECTRICAL CHARACTERISTICS at T = -40 to +85°C, Vpp 5% tr, tf = 20 ns, Vi = 0.7 Vpp, VIL = 0.3 VDD:

(-tl_ =100 pF (See Fig. 7)

CHARACTERISTICe Vop CDP1855 e CDP1855C UNITS
(V) [Min.| Typ" | Max. | Min. | Typ." | Max. |

Operation Timing
Maximum Clock Frequency+ 150 gi g : 3_2 i :
Maximum Shift Frequency 5 1.6 2 — 1 16 2 —— Mhz

(1 Device)A 10 | 82 4 — - — —
Minimum Clock Width :gtz‘: S 17550 — 1T
Minimum Clock Period tOLK 1253 e L= A e
Clock to Shift Prop. Delay tCSH [—1—— fgg —— 201 %0
Minimum C.l. to Shift Setup toy [ 20 O = %0 O
C.O. from Shift Prop. Delay :2:::: 150 : :gg ggg : 4i0 630
Minimum C.I. from Shift Hold H T T — LN
Minimum Register Input Setup tsu 150 — fg :g — -ﬂ) E
Register after Shift Delay ::::;': 150 : ;gg ggg : 420 620
Minimum Register after Shift Hold tH 150 e 150(? — =1
C.O. from C.I. Prop. Delay :zhHL 150 : 150: 17550 : 130 1i0
Register from C.I. Prop. Delay :gh’: 150 : 28 162: : 8_0 1_2__0

eMaximum limits of minimum characteristics are the values above which all devices function.
*Typical values are for Tp = 25°C and nominal voltages.

+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency
equals shift frequency for systems not using the internal clock option.

AShift period for cascading of devices isincreased by an amount equal to the C1.to €.0. Prop. Delay for each device added.

l‘—'CLo_’cK ‘
CLK | | I I 2 | 9
tOLK ¢ tcLk ¢ |
SHIFT (PRESCALER OFF) l , j I 2 l s I
tesH f——
tPLH ! PHL —
_ 2
O,YL, YR, ZL,ZR OUT X ><
w
tsu e H

CIN.YL.YR: 2002R IN

X

X——’
X

Fig. 7 - Operation timing diagram.
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CL = 100 pF (See Fig. 8)

CMOS Peripherals

CDP1855, CDP1855C

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Vpp +5% ty, tf = 20 ns, Vj= 0.7 Vpp, ViL = 0.3 VpD,

LIMITS
CHARACTERISTICe Vbbp CDP1855 ____CDP1855C UNITS
V) Min. | Typ.* | Max. | Min. | Typ.* | Max.
Write Cycle
L — 5 — 50 75 - 50 75
i t
Minimum Clear Pulse Width CLR 10 — 25 20 — — —
- 5 — 150 225 — 150 225
: ) t
Minimum Write Pulse Width wWW 0 — 75 115 — — —
Minimum Data-In Setup tpsu o — 75 0 — 7S 0
10 — -40 0 — — — ns
. 5 — 50 75 — 50 75
-ln-| t
Minimum Data-In-Hold DH 70 — %5 20 — — —
L 5 — 50 75 — 50 75
i t
Minimum Address to Write Setup ASU 70 — 25 20 — — —
. 5 — 50 75 — 50 75
. . t
Minimum Address after Write Hold AH 10 — %5 20 — — —

eMaximum limits of minimum characteristics are the values above which all devices function.

*Typical values are for Ta = 25°C and nominal voltages.

] [
S/

A\

S\

sTB /

*
fww

DIN 4
tosu p—

*

WRITE |IS_OVERLAP OF

CE=I,RD/WE =@, AND STB= |.

RAg-2

tasu ~

AH

Fig. 8 - Write timing diagram.

92CM-34841
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CMOS Peripherals _

CDP1855, CDP1855C

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = -40 to +85°C, Vpp +5% tr, tf = 20 ns, V4 = 0.7 Vpp, V|L = 0.3 VDD,
CL =100 pF (See Fig. 9)

CHARACTERISTICe VbbD CDP1855 Lm,—'E DP1855C UNITS

) Min. | Typ.* | Max. | Min. | Typ.* | Max.

Read Cycle

CE to Data Out Active tcoo 150 — fgg ?gg — 230 330

CE to Data Access tcA 150 — ?gg ;:g — 320 4i°

Address to Data Access tAA 150 — ?gg ;:g — 330 4i0

——— S - B B

Data Out Hold after Read tDoH 150 gg 17550 ffg Ef 150 2E_5 ns

Read to Data Out Active tRDO 150 - fgg ?gg — 230 330

Read to Data Access tRA 150 — fgg ?gg — 220 3_0_0

Strobe to Data Access tsa 150 :g fgg ?gg 5_0 230 320

Minimum Strobe Width tow [2———— 150 280 1 — 150 | 2

eMaximum limits of minimum characteristics are the values above which all devices function.
*Typical values are for Tp = 25°C and nominal voltages.

{ * |

ADVANCE |
EQUENCE COUNTER

tsw

—

| t
= tsa [+ *—tas™ = tponr— I
| \ |

|
|
|
|
|
|
|
|
1
| X
]
|
Doyt
t I ! | I II.. |
— | t

I Roo"l

—d-t-F--

! |
cbo [ | |
|

r—-'—RCA | 'RA

92CM-31852

Fig. 9 - Read timing diagram.
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