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PaccmaTpumBaloTcsl 0CO6@HHOCTU NMPOeKTUPOBaHUSA PaAUALMOHHO-CTOMKON MUKpPOCXeMbl 5521TP034-726
yNpaB/eHUsi BOCEMbIO MATPUYHbIMU 6YyKBEHHO-LUPPOBbIMU aucnnesamn (7x5) Ha ocHoBe 6a30BOro
KpucTanna cepum 5521, BbINOIHEHHOTO NO TexXHo10rnm 0,18 MKM. O6bACHSIIOTCS MPUHLUMNbI OPraHM3auumn
AVHaMU4YecKoro ynpas/ieHUss CBETOAMOAHbIMW MHOMKaTOpaMKu, a TakXe MpuBOAUTCA onucaHue

OCHOBHbIX GYHKLMOHAJIbHbIX 6/10KOB YCTPOMCTBA.

The paper describes the design features of radiation-resistant circuit 5521TR034-726 for
control of eight matrix alphanumeric displays (7x5) based on 5521 gate array family that
is manufactured by 0.18 pm process. It explains the mechanisms of LED displays dynamic
control and describes the main functional units of the device.

KaudecTBe 3/IeMeHTOB MHIHKALUH B COBPeMeH-
HBIX UHQPOBBIX KOMIIJIEKCAX HCIIOAb3YIOTCS
SKUAKOKPUCTAIJIMYeCKHe [MaHelu, HOJYIIpo-

BOJHUKOBbBIE 3JIEKTPOTIOMHUHECL@HTHBIE U 3JIeK-

TPOXPOMHBIe HHIHUKATOPBI. KaskABIK K3 yKa3aH-

HBIX THUIIOB MHAHUKAaTOPOB, OCHOBAHHEIX Ha pas3/iny-

HBIX QU3MYeCKUX IIPUHIIUIIAX, [IPeIbsABIIeT OIlpe-

HeneHHble TPeOOBaHUS K aMIIJIMTYIaM YIIPaBJISIO-

IIMX HAaNPS>KeHHH, BUJY TOKA, IJIOTHOCTH pa3Me-

IIeHH s Ha JIMLEBBIX ITaHe/IgX HpI/I60pOB U BHENIHEeH

OCBEIIeHHOCTH.

Bricokue TexHUYeECKUE XdPaKTEPUCTHUKH IIOIYy-
IIPOBOAHUKOBBIX MHIUKATOPOB obecrmeunIu HX
yCIlelIHOe IIPUMeHeHHe B allllapaType pa3IuuHOro
Ha3HadeHHUs1. OCOOOM MOMYJISIPHOCTBIO IIOIB3YIOTCS
MaTpHU4YHbBIE 3HAKOCHHTE3HUPYIOIIHMEe NHAMKATOPHI
C IMHAaMHYeCKHM yIpaB/leHHeM, IIpUlleflIre Ha
CMeHY CerMeHTHBIM HHAHKATOPaM.

MaTpUUHble HHAHUKATOPBL OTHOCATCS K KJIACCy
3HAKOCHUHTEe3UPYIOUUX NpUOOPOB, B KOTOPHIX
MHPOpMaL s, IpefHa3sHauyeHHas I/ 3pUTeIbHOIO0
BOCIIPUSITHSI, 0TOOpaskaeTCsi C IOMOIIbIO HECKOIb-
KHUX DHCKPETHBIX 3JIeMEHTOB, CI'PYIIIIHMPOBAHHBIX I10
CTpoKaM U cTonbuamM. MaTpUUHBIM HHAUKATOPOM
CUHTAeTCsl yCTPOMCTBO, 06 beIHEHHOEe B 3aKOHYeH-
HOM KOHCTPYKTHBHOM KOPIIyCe.

JproHomuyecKue HUCCIef0BaHM S IOKA3aaH, YTO
35-3/1leMeHTHasl MaTpulia obecrieunBaeT yI0B/IeTBO-
PHUTelbHOe BOCIPHUSITHE 3HaKOBOM MHPOPMAIIUH,
B YAaCTHOCTH, IPOIMMCHBIX U CTPOYHEIX OYKB pyc-
CKOro asipaBUTa, 3HAKOB U LUPP, OYKB rpedeckoro u
JIATUHCKOr0 aiGaBUTOB [1].

K 0OCHOBHBIM IIpeHMyIlleCTBAaM MaTPUYHBIX HHU-
KaTOPOB I10 CPAaBHEHHUIO C CeTMe@HTHBIMHU OTHOCST
I POKKEe BO3MOKHOCTH U BBICOKOe KaueCcTBO 0Tobpa-
>KeHH S CUMBOJIOB. HeloCTaTK¥ MaTpUYHBIX HHIH-
KaTOPOB: CJIOKHOCTh KOHCTPYKIJMM, CTOUMOCTH, a
TaK>Ke MeHbIIasi HaJIeSKHOCTh BCIeACTBHE 60IbIIero
KOJIM4YeCcTBa 371eMeHTOB. IIpu coefMHEeHUH MHOIO-
PaspsiIHBIX HHAKMKATOPOB, PACCTOSIHHE MesKAy MHK-
CeJISIMH Ha IIBaX OTJIMYAeTCsl OT paCCTOSHUS B IIpe-
Jenax oqHOr0 MHANKATOPA, YTO HaK/IaAbIBaeT orpa-
HHUYeHHs Ha HCIO0Nb30BAHHE TAKUX UHIUKATOPOB
1711 YOPMHUPOBAHUS €IUHOI0 H306paskeHH .

ITo criocoby yrpaB/ieHUst MaTpPHUHbIe HHIUKATOPBL
HesiTCSl Ha [Ba BUJA: CTaTHU4YeCKHe U JHHaMHU4e-
cKue (MyJIbTHIIJIEKCHBIE).

CTaTUYeCKHUH CIocob mogpasymeBaeT HeIO-
CpeACTBeHHOe yIpaBjleHHe KaXABIM IHKCe-
JieM MaTPHILBI. Ka>kObIH 3/1€MeHT OTO6pa>KEHI/IH
HMeeT COOCTBEHHYIO SiUeHNKY MaMSITH U CBETOAU-
ONHBIN ApaliBep. [JaHHBIN Cr10cob ympaBaeHHUS

HMK " "TexHonormnyecknm ueHtp" / SMC "Technological Centre".
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HCIIO/Ib3yeTCsl B MAaTPUILAX C OONBIINM pa3MepoM
MHKCess, KOTAa MOIIHOCTb U CTOMMOCTD ApalBepa
3HA4YUTe/JbHBI. TaKKe CTaTHUeCcKas CXeMa IIpuMe-
HSIeTCSI B yCTPOMCTBAX C BBICOKUMH TPe6OBaHUSIMHU
K 37IeKTPOMaTrHHUTHOMY H3J/ydyeHH0. OJHAaKO 107106~
HBIH IIOAXOJ PallMOHAJIeH TOJIBKO IIPHU HebOIbIIoM
paspemleHHUH (4 x4 IIUKCesI), IIOCKOTBKY IIPHU 60JIb-
MIMX pa3Mepax 3HAUHUTeIbHO YBeJTUUHUBAETCS KOITH-
YeCTBO YIIPaB/SIONUX 3JIeMeHTOB U CXeM BBOZA JaH-
HBIX.

15l yOpoleHHs] CXeMBbl YIIPaBIeHHUs, a TaKxkKe
CHU>KeHU S KOJIM4YecTBa BBIBOJOB MHAMKATOPA, pPas3-
paboTaH AMHaMHUYeCKHM crocob ympaBlIeHHS,
aKTHUBHO HCIIOJb3yeMBbIH B 35-3/1eMeHTBIX MaTpH-
nax. JliHaMHYecKHI cr1ocob rofgpasyMeBaeT Ioove-
penHoe BKJIIOUeHHe Pa3TUYHbIX TPYIII 3JIeMEeHTOB
oTobpaskeHHUs IyTeM II0aUH HAIIPSSKeHH S C 9acTo-
Tou 6osee 20 I'1y, TP 3TOM Ye/loBe4YeCKHUH I71a3 BOC-
NpPHUHUMAaeT 3KPaH KakK HeIlPepPBhIBHO CBETSIIHICS
06BeKT.

MatpuyuHble CTPYKTYPBI BBIITYyCKaeMBbIX OYKBEHHO-
LHUPPOBBIX JHCIIJIeeB I03BOJAIOT OCYIIeCTBUTH
yIpaB/lieHHe TOJIBKO B PeXHMe CTPO6HMpOBaHUS
(nMHaMHYecKoe ynpaBieHHre). CTPyKTypa MaTPHIIbI
mpenIronaraet gBa crnocoba cTpobupoBaHUSA: IO
CTPOKAM MJIH I10 CTON6IaM.

AHaIMU3 pplHKA MaTPHUUHBIX 6yKBeHHO-IIHYPOBBIX
LED-gucIieeB Imokasaj, 4To Haubojee BOCTpe60-
BaHHBIMH YCTPOMCTBAMHU SIBASIOTCS MHIUKATOPEL
tuna HDSP-2131, paspaboTaHHbIe KOMIIAHHEN Avago
Technologies [2]. B Poccru nomo6Hble JUCILIEH BBIITY-
CKAIOTCsl, HO II0Ka HeT OTe4eCTBeHHBIX QPyHKIIHO-

HaJIbHBIX aHAJIOTOB MHUKPOCXeM yIIpaBjieHHs BOCh-
MBIOPa3PSIAHBIMU 6YKBeHHO-LUQPOBBIMHU AHUCIIIIE-
SIMH, II09TOMY BO3HHKJ/Ia He0OXOOHMMOCTb CO3JaHU S
TaKOHM MHUKPOCXEMBI.

B HIIK "TexHONOrM4eCcKUH LIeHTP' Ha OCHOBe 6a30-
Boro kpucTasia (BK) 5521TP03 cepuu 5521 6p111a pas-
paboraHa mukpocxema 5521TP034-726 yrpaBieHH s
BOCBMbBI0O MAaTPUYHBIMU OYKBEHHO-LIUPPOBBIMU
nuctesamu (7x5). BK cepuH 5521 M3roTaB/JIHMBAIOTCS
[0 pafgHallMOHHO-CTOHKON KMOII-TeXHOIOTHU
c HopmaMu 0,18 MKM Ha 06beMHOM KPeMHHH.
Hanps>keHue nuTanus 3 B £10% uau 3,3 B £10% [3].

Pa3paboTKa moBefeHYeCKOK MOEIH MHUKPOCXEMBI
5521TP034-726, TeCTOBBIX BO3J€HCTBUH /IS ee IIPo-
BePKH U TOIIOJIOTHYeCKOe [IPOeKTUPOBaHHE OCYIIeCT-
BISIIUCH cpeactBamu CAIIP BUC "Kosuer" [4]. IIpu
3TOM IIpHUMeHA/aCh YHUQHULIMPOBAHHAS IIapaMe-
TpHU30BaHHas 6KbnroTeka PyHKIIMOHATBHBIX sSTUeeK
cepuil BK 5521 u 5529.

B mporiecce pa3paboTKu 66K cHOPMYTHPOBAHEL
OCHOBHBIe QYHKIIMOHAIbHBIE TPeOOBAHUS K MUKPO-
cxeMe yIIPaBJIeHUS:

e BBIBOZ Ha nucIuiern ASCII-TabiHIbl CUMBOJIOB;
* BO3MOXHOCTb NpPOrpaMMHpPOBaHHUSA 16-TH

CHMBOJIOB;

* QYHKUMS MUTAHUS;

* HACTPOMKa SIPKOCTH AHCIIIes;

* QYHKIIMS TeCTUPOBAHMS,

* QYHKLHUS OYKUCTKH;

* BO3MOKHOCTHh BBIOOpa TaKTOBOM HYaCTOTHI

(Mcmosp30BaHHMe BHENIHEIro CHUrHalla UM BHY-

TpeHHero reHepaTopa 4acToThl Ha 1 MI'L).

CD panels, semiconductor

electroluminescent and elec-

trochromic indicators are used
as display elements in a modern
digital complexes. Each of these
types of indicators based on differ-
ent physical principles, is charac-
terized by certain requirements to
the amplitudes of the control volt-
ages, type of current, density of
placement on the front panels of
devices and ambient light.

High technical characteris-
tics of semiconductor indicators
ensured their successful applica-
tion in the equipment of various
purpose. Especially popular are
the matrix character indicators

with dynamic control, which
replace the segment indicators.

The dot matrix indicators belong
to the class of character indicators,
which display the visual informa-
tion by means of several discrete
elements, grouped in rows and col-
umns. The dot matrix indicator is
a device, which is combined into a
finished constructive package.

Ergonomic studies have shown
that the 35-element matrix pro-
vides a satisfactory perception
of signs, in particular, upper-
case and lowercase letters of the
Russian alphabet, signs and num-
bers, letters of the Greek and Latin
alphabets [11.

The main advantages of dot
matrix indicators compared to
the segment ones include a wide
possibilities and high quality dis-
play of characters. Disadvantages
of dot matrix indicators are the
complexity of the design, cost,
and also lower reliability due
to the greater number of items.
When connecting multi-bit indi-
cators, the distance between the
pixels at the seams differs from
the distance within the indica-
tor, which imposes restrictions
on the use of such indicators to
form a single image.

Depending on the method
of control, the dot matrix
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Tabauua 1. Adpeca pe2ucmpos 0aHHbIX
Table1. Addresses of data registers

Tvn namaTu

Memory type

PETNCTP
CMMBOJIOB
REGISTER
OF SYMBOLS

o3y ALpec CTpoKku
RAM Address of row

Puc.1. KoHcmpykuus uHOUKamopa
Fig.1. Indicator design

KoHCTpYyKIMA UHAKUKATOpA, O/ KOTOPOTO pa3-
pabaTeiBazach MUKpOCXeMa YIIPaBIeHUS, IIpej-
CTaBJIeHa Ha PUC.1 U COCTOUT K3 BOCBMHU CBETOAHU-
OJHBIX MAaTPUYHBIX AHUCIJIeeB I10 35 MHUKce/leHd B
Ka’kJAoM. MHKpocxeMa yIpaB/JeHHS AUCIJIeIMH  °
pacmonaraeTcs Ha HUKHEH CTOPOHe yCTPOMCTBa

B 6ECKOPHYCHOM HCIIOJTHEHHH.

dyHKIMOHA/IbHAS CXeMa YCTPOKCTBA IIpe/CcTaB-

JIeHa Ha puC.2, rhe:

« "8x8 PETUCTP OTOBPAXXAEMBIX CHMBO-
JIOB" - peructp 8x8, KOTOPBIF XPaHUT aJipeca 0To-

6pa)KaEMI>IX CHMBOJIOB,

e "PETHCTP CMMBOJIOB U1 O3V" - 6710K perucTpoB
AJ1SI IPOrPAaMMHUPOBAHUS IIOTb30BATEIbCKUX

CHMBOJIOB;

indicators are divided into two
groups: static and dynamic
(multiplex).

The static method means
direct control of each pixel of the
matrix. Each display item has
its own memory cell, and a LED
driver. This method of control
is used in matrices with a large
pixel size, when power and cost of
drivers are significant. Also, the
static scheme is applied in devices
with high requirements for elec-
tromagnetic radiation. However,
this approach is reasonable only
at small resolution (4 x4 pixel),
since at larger sizes the number
of control elements and circuits

HAHO MHAVCTPHA #7/69/ 2016

PErNCTP
PESXXKMMOB
PABOTDbI
REGISTER

OF OPERATION
MODES

8x8 PETNCTP
OTOBPAXAEMDbIX
CMMBOJIOB

8x8 REGISTER
OF DISPLAYED
CHARACTERS

ALpec cMmBona
Address
of symbol

"BJIOK YIIPABJIEHHUA" - 610K 3aJaHUsI CeTKH
YacTOT U CUTHAJIOB yIIPaBIeHHUS;

e "DEIMHUOPATOP ASCII" - memudpartop ASCII-

Ta6HI/ILU>I CHMBOJIOB;

+ "BBIXOJHOW [NPAVBEP" - BEIXOZHOM ApaviBep

yIpaB/leHUsI UHAUKATOPaMHU.
Afpeca perucTpoB JaHHBIX U PeXXHMOB PaboThl

IpenCcTaBJ/IEHEI B Tabs.1 ¥ 2 COOTBETCTBEHHO.

OCHOBHBIM PErUCTPOM, OTBEYAIOIIHUM 3a THII
oTobpaskaemor HHGOpMAL LU, IBIseTCs 610K "8x 8

PETUCTP OTOBPAKAEMBIX CUMBOJIOB". laHHBI A

of the data input significantly
increases.

To simplify control, and to
reduce the number of indicator ter-
minals, a dynamic control method
is developed, which is actively
used in 35-element matrixes. The
dynamic method involves sequen-
tial activation of various groups
of elements by applying a volt-
age with a frequency greater than
20 Hz, while the human eye per-
ceives the screen as a continuously
glowing object.

The matrix structures of the
produced alpha-numeric displays
allow to use only the gating mode
of control (dynamic control).

The matrix structure allows two
methods of gating: by row or by
column.

Analysis of market of matrix
alphanumeric LED displays
showed that the most popular
devices are the indicators of the
type HDSP-2131, developed by
Avago Technologies [2]. In Russia,
such displays are available, but
there are no domestic analogues
of functional chip for control of
eight-bit alphanumeric displays,
therefore there was a need of cre-
ating such a chip.

SMC "Technological Centre"
on the basis of the gate array
5521TPO03 of the 5521 family has
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Tabauua 2. Pexkumbl pabomsl pe2ucmpos 0aHHbIX
Table 2. Operation modes of data registers

(5 CE WR  RD s
0 0 =
3anucb
e [ Recording
1 0
YTeHne
! o Reading
1 1 -

PeTHUCTp XPaHUT BOCEMb aJPecoB CHUMBOJIOB, HOMep
Ka>KA0T0 U3 KOTOPBIX COOTBETCTBYeT HOMePY AHC-
IIest Ha MHAMKATope. B 3aBUCHMOCTH OT 3HaYeHU S

D[7] npoucxonut Beibop TuIla HUHGOPMALUU [

0TObpaskeHHUS:

« ecnu D[7]=0, To Ha fucIIee oTobpaskaeTcst OLUH
13 128 cumBonoB ASCII-Tabnunsl (agpec CHMBOIA
3ajaercs muHOM D[6:0]). 3a mexkomupoBaHUe
cuMBoia oTBedaeT 6ok "IEIIMOPATOP ASCII";

e ecnau D[7]=1, To Ha gucIIee 0T06pa>1<aeTc51 OOUH
13 16-TU paHee 3aIIPOrpPaMMHUPOBAHHBIX I10J1b30-
BaTeJIbCKUX CHMBOJIOB, (alpec CHMBOJIA 33aeTCs
muHoM D[3:0]). i1 IporpaMMHUPOBAHHUS CUM-
BOJIOB Hcmonb3yiorcs "PETUCTP CMMBOJIOB
U 0o3VY".
3anuch CHMBOJIA B IIaMSTh OCYIIeCTBIsIeTCS

3a BoceMb I[UKJIOB. Ha mepBom stamne B "PETHCTP

CHUMBOJIOB" 3amuchiBaeTCsl 3HayeHHe BHeIIHeH

developed a chip 5521TP034-726 for ~ « display ASCII

control eight dot matrix alphanu- characters;

meric displays (7x5). Cate array « ability to

program 16

PEFUCTP CYIMBOJIOB 11 O3Y
REGISTER OF SYMBOLS AND RAM
D[7:0] Vs 0 \
Al4:0]
. 8x8 PETUCTP _ 15LED[1:5]
OTOBPAXAEMbIX B/IOK BLIXOAHOM S oo o)
WR CMMBOJIOB  YMPABJIEHUSA  [IPAVIBEP :
FL < B8¥8REGISTER CONTROL OUTPUT _y, 37LED[1:5]
g OFDISPLAYED UNIT DRIVER  48LED[1:5]
pey  CHARACTERS ROW[13:0]
K M v P cL_out
MX_CLK LELIVOPATOP ASCII
ASCII DECODER

Puc.2. ®yHKUUOHANnbHAS cxema mukpocxembl 5521TP034-726
Fig.2. Functional diagram of 5521TP034-726 circuit

MUHBL JaHHBIX D[7: 0], yueTbIpe MAagIIKUX pa3psina
KOTOPOH M 3a4al0T agpec pasgena O3Y, B KOTOPbIH
OyIeT NPOU3BOAUTLCS 3allMCh CUMBO/IA. KaskaAbIi
paszfen mpeAcCTaBiaseT cobol MaTpHLY sueek
namatu (7x5). Ha BTopoM 3Tame oCyIIeCTBIS-
eTcsl IOCTPOUHOe 3all0JIHeHHe pasjena NaMsTH 3a
CceMb LIMUKJIOB, IIPK 3TOM HOMeEpP CTPOKH OIIpefens-
eTcsl BHelllHel IKMHOK A[2: 0], a 3HaYeHHe CTPOKH
3ajaeTcs MKUHOHA D[4 : 0].

BocsmubuTosiit "PETUCTP PEXKMMOB PABOTHI"
OTBedaeT 33 BBHIIIOJIHEHHE [ISITH Pe>KKMOB: HCIIONb-
30BaHUe PerMCTpa MUTAHUS, MUTaHHe, TeCTUPOBa-
HHe, OUMCTKa U peryJIupoBKa SPKOCTH UHAKUKATOpa.

PerucTp MUTaHHUS OTBedaeT 33 MUTaHHe KaX-
IOTO U3 JHCIIJIeeB MHAMKATOPa - XpaHslleecs

table of each. Control chip is located on
the bottom side of the device in

die form.

of 5521 family is manufactured by
radiation-resistant 0.18 pm CMOS
process on bulk silicon. Supply
voltageis 3V +10% or 3.3 V +10% [3].

Development of a behavioral
model of the chip 5521TP034-726,
tests for its verification and the
topological design was carried out
Kovcheg CAD [4]. At that a unified
library of functional cells of 5521
and 5529 gate array families was
used.

During the development, the
key functional requirements for
the control chip were defined:

characters;

+ blinking function;

« adjusting the brightness of the
display;

» test function;

« cleanup function;

« ability to select the clock fre-
quency (using an external sig-
nal or an internal oscillator
with frequency of 1 MHz).

The design of the indicator,
for which the control chip was
developed, is presented in Fig.1
and consists of eight LED dot
matrix displays with 35 pixels

Functional diagram of the
device is shown in Fig.2, where:

e 8x8 REGISTER OF DISPLAYED
CHARACTERS is a register of
8x8, which stores the address of
the displayed symbols;

e REGISTER OF SYMBOLS AND
RAM is a block of registers
for programming custom
characters;

« CONTROL UNIT is a block to set
the grid frequency and control
signals;

« ASCII DECODER is the decoder
for ASCII characters;

#7 /69 /2016 NANO INDUSTRY
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ADR[2:0]

ROW_SET[2:0] 0 Y 1

ROW[13]

ROWI[7]

ROW[6]

ROW([5]

ROW/[4]

ROW([3]
ROW(2]

ROW(1]

ROW/[0]

WR[3] I [ [

WR[2] I [ M

WR][1]

WRI[0]

N
CLK M M M

Puc.3. BpemeHHas duazpamma pabomsl bJIOKA YIPAB/TEHWS
Fig.3. Timing diagram of operation of CONTROL UNIT

B HeM 3HauyeHHMe BHEIIHEeH MMHHBI JaHHBIX D[7: 0]
ompeensieT ucnonab3oBaHue (D[n]=1) unu xe He
ucnonbsoBaHue (D[n]=0) PyHKUKMU MUTAaHUS A1
n-ro guciies. CUTHAJIOM pa3pelleHU s HA UCIIO0Nb-
30BaHHe JaHHOU QYHKLUUU sBiseTcs 6ut D[3]=1,
3anucaHHbb B "PETUCTP PEXXMUMOB PAEOTHI",
a nipu D[3]=0 comepkumMmoe perucTpa MUTaHUS
HTHOPHUPYeTCH.

3aCTaBUTh MUTATh BCe LUCIIJIEU OOHOBPEMEHHO
MOXKHO U 6e3 HCII0/Ib30BaHUS GYHKIIUU PEeTrUCTPa

muraHus. Ecnu 3anucats 6ut D[4]=1 B "PETHUCTP
PESXKMMOB PABOTHL", To akTUBHpYeTCS PyHKIIUS
r;106a71bHOTO MUTAHU S, IIPH UCIIOTb30BAHHUH KOTO-
PO¥ BCe BOCeMb JUCIIJIEEB MUTAIOT OHOBPeMEeHHO.
Comep>KHMMOe perucTpa MUTAHUS IIPHU 3TOM UTHO-
pupyetcs. YacToTa MUTaHUS B 060UX ciaydasix
cocrasigeT 2 I'1I.

ITIpu D[6] = 1 3anmycKaeTcs QyHKLHS TeCTUPO-
BaHHUS, KOTOpas 3aK/I04YaeTcss B 0TOOpaskeHUU
IIPSIMOTrO M 06paTHOTO IIANIeYHOr0 y30pa Ha BCeX

« OUTPUT DRIVER is output
driver of indicators control.
Addresses of data registers and

operating modes are presented in

table 1and 2, respectively.

The main register, which
is responsible for the type of
displayed information is the
8x8 REGISTER OF DISPLAYED
CHARACTERS block. This regis-
ter stores eight addresses of sym-
bols, the number of each of which
corresponds to a display number
on the indicator. The choice of the
type of information on display
depends on the value of D[7]:

« if D[7]=0, then the dis-
play shows one of the 128

HAHO MHAVCTPHA #7/69/ 2016

characters of the ASCII-table

(address of the symbol is

specified by the bus D[6: 0]).

The ASCII DECODER block is

responsible for decoding of the

symbol;

« if D[7]=1, then the display
shows one of 16 pre-pro-
grammed custom charac-
ters (address of the symbol is
specified by the bus D[3:0]).
REGISTER OF SYMBOLS AND
RAM is used for programming
of symbols.

The entry of a character in
the memory is performed in
eight cycles. At the first stage in
REGISTER OF SYMBOLS the value

of the external data bus D[7: 0]
is recorded, four low-order dig-
its of which set the address of the
RAM section, in which the sym-
bol will be recorded. Each sec-
tion is a matrix of memory cells
(7x5). The second stage involves
the line-by-line filling of mem-
ory section during seven cycles,
while the line number is deter-
mined by the external bus A[2: 0]
and the value of the line is speci-
fied by the bus D[4 : 0].
Eight-bit REGISTER OF
OPERATION MODES is respon-
sible for the implementation of
the five modes: the use of the
register of blinking, blinking,
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AUCIIIesX OAHOBPeMeHHO. JIUTeJIbHOCTbh 0TO-
OpaskeHHUS AJIS1 KasKJOTO M3 CUMBOJIOB COCTaBJIsIeT
2 c. [Io OKOHYAHUU TeCTUPOBaHUS 6UT D[5] 6;10Ka
"PETUCTP PEXKMMOB PABOTH" ycTaHaBIKMBaeTCs
B "1", HaHHBIK OUT LOCTYIIEH TOJIBKO [JISI YTEHH .

ITpu D[7] = 13amyckaeTcst yHKIIUS OYUCTKHU 6710~
KoB "8x8 PETICTP OTOBPA’KAEMBIX CUMBOJIOB"
Y PerucTpa MUTaHHUS, a TaKXKe IIPOUCXOAUT IIpel-
yCTAaHOBKA BCeX sueek maMsaTtu 6moxka "PETUCTP
OTOBPAKAEMBIX CHMBOJIOB". Iloce 3aBepiie-
HUS OUUCTKHU D[7] yctaHaBauBaeTcs B '0".

Haubonboini MHTepecC C TOUKH 3PeHHUS CXeMO-
TexHHYeCKOHN peasiM3alluu NpeAcTaBaseT QyHK-
LK HACTPOMKHU SPKOCTH MHAUKATOpa. B xone
M3y4yeHHUS] HayUYHO-TeXHHYeCKOH JTHUTepaTyphl
OBIJIO YCTAHOBIEHO, YTO OCHOBHBIM IIOXOOM
K peanM3aluu NaHHOK QyHKIUHUU SIBIseTCS U3Me-
HeHHe CKBa>KHOCTH YIIPaB/ISIIOIHUX CBETOAUOAAMHU
MHJIHWKATOPOB I10 IPHUHIIMIIY: YeM BbIIIe CKBaXK-
HOCTb, TeM 6osblle SIPKOCTb. [leICTBHUTE/IBHO,
CTeIleHb SIPKOCTH CBeUeHM s CBETOLHOMA Ollpeje-
N5IeTCsl eT0 MHePIIMOHHBIMH CBOMCTBAMU U 3aBH-
CHUT OT BpeMeHH BO3/IeHCTBH S Ha Hero sjJeKTpuye-
CKOIO TOKa.

3a pery/JMpoBKY SPKOCTH JUCILIes OTBedyaeT 3Ha-
yeHHe MUHH D[2: 0] B 6;10ke "PETUCTP PEXKMMOB
PABOTBI". 3aBUCUMOCTb CKBa>XHOCTH CTpobu-
PYIOLIMX CUTHAJIOB OT 3HaUeHMUS MHUHBI D[2: 0]
mpeacTaBieHa B Tab.3.

B pa3paboTaHHOM MHKpOCXeMe OISl BBIBOZA
HHQOpMAIMKU HA JUCIITIEH HUCII0JIb3yeTCs CTpobu-
poBaHHe o CTPoKaM. 3a popMHpOBaHUE BpeMeH-

Tabauua 3. 3asucumocmb CKBAXHOCMU CMPObUPYIOL4UX CUZHA=
/108 0M 3HAYeHUs WuHbl D[2:0]
Table 3. Dependence of gating signal ratio on bus value D[2:0]

D2 D1 DO S%
0 0 0 100
0 0 1 81
0 1 0 63
0 1 1 38
1 0 0 25
1 0 1 13
1 1 0 6
1 1 1 100

HOM JHArpaMMBI M YIIPAB/SIOMINX CUTHAJIOB OTBe-
yaet "BJIOK YIIPABJIEHUS" (puc.3).

O6bpaboTka BOCHBMHU [LHUCIJIEEB HPOUCXOLUT
IIOCTPOYHO, I10 IPyIIlIaM (cOmo3uc4dmno7). lluHa
appecoB ADR[2: 0] mocinenoBaTe/bHO NPUHHU-
MaeT 3HayeHHd oT 0 50 7, TeM CaMBbIM IPOU3BOASA
CUUTBHIBAHUE NAaHHBIX U3 Ooka "8 x8 PETUCTP
OTOBPAXKAEMBIX CUMBOJIOB". IIpu 3TOM Ha
IpeIBapUTeNbHBIN PEIUCTP OTIIPAB/SIIOTCS CTPOKU
COOTBETCTBYIOIIEro CUMBOJa (paHee 3aIIporpam-
MHPOBAHHOIO HJIH K€ OJHOr'0 M3 ASCII-TabaHIIbI).
3amuchk B MpegBapUTEeIbHBIN PErUCTp 0Tobpaxke-
HUS OCYIeCTBISeTCs curHanaMu WR(3: 0].

Ilo 3aBepIIeHHI0 KaXXAOro IUKIa nepebopa
anpecoB Ha muHe ADR[2: 0] uaMmeHseTcss HOMep

testing, cleanup and adjusting
the brightness of the indicator.

The register of blinking is
responsible for each of the blink-
ing displays of the indicator.
The stored value of the external
data bus D[7: 0] specifies the use
(D[n]=1) or not use (D[n]=0) of the
blinking function for n-th dis-
play. A signal of permission to
use this function is the bit D[3]=1
recorded in the REGISTER OF
OPERATION MODES. If D[3]=0
then the contents of the register
of blinking is ignored.

It is possible to force to
blink all displays simultane-
ously without use of functions

of the register of blinking. If
to set D[4]=1 in REGISTER OF
OPERATION MODES, the global
function of blinking is acti-
vated, when all eight displays
are blinking simultaneously. In
this case the contents of regis-
ter of blinking is ignored. The
blinking frequency in both cases
is2Hz.

If D[6]=1, then test function
starts, which displays the direct
and inverse checkerboard pat-
tern on all displays simultane-
ously. The duration of display for
each of the characters is 2 sec-
onds. At the end of the test D[5]
of REGISTER OF OPERATION

MODES is set to "1", this bit is
read-only.

D[7]=1 activates the cleanup
function of 8x8 REGISTER OF
DISPLAYED CHARACTERS and
register of blinking with pre-
set of all of the memory cells
of REGISTER OF DISPLAYED
CHARACTERS. After the cleanup
is completed, D[7] is set to "0".

From the viewpoint of cir-
cuitry implementation, the func-
tion of adjusting the brightness
of the indicator is of the great-
est interest. The study of scien-
tific literature showed that the
main approach to the imple-
mentation of this function is the
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BOEHHbIE U KOCMUWYECKUE TEXHOJIOrUM
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Puc.4. Bud monono2uu Kpucmanaa mukpocxemsl 5521TP034-726
Fig.4. Topology of 5521TP034-726 circuit

obpabaTreiBaemori cTpoku ROW_SET(2: 0]. CUrHamsl
muHel ROW[13: 0] aBnsitoTcs ctpobamu oTobpa-
>KaeMBIX TaHHBIX: ROW[0] - mepBas cTpoka mep-
BOM IpyHIbl CMMBOJ0B, ROW[1] - mepBas cTpoKa
BTOPOM T'PyIIbl CAMBOJIOB U T.[. IIpu mepexoje oT
ROWI[n] k ROW|[n +1] BerpabaTtsiBaercs curaan CLK,
3aMMCBIBAIOIMH JAHHEIE B BBIXOJHbIE PETrUCTPHI U3
IIpeiBapUTEJIBHBIX.

Ha puc.4 npencraBaeHa TOIIOJOIMS KPH-
CTajmjaa MUKpocxeMbl 5521TP034-726. Mukpocxema
5521TP034-726 MoO>KeT BBIIIYCKAThCS KaK B OTJeJ/Ib-
HBIX KPHUCTaJI/IaX, TaK U B KOPIIYCHOM MCIIOJTHEHU U
(kopmyc 4239.68-1).

Cmampa nodzomosaeHa npu GuraHcosol noddepskke
MuHobpHayku Poccuu. YHuKaAbHbll udenmuduramop ITHU
REMEFI57815X0104.
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change in the duty ratio of con-
trol indicators on the principle:
the higher is the ratio, the more
is brightness. Indeed, the degree
of brightness of the LED is deter-
mined by its inertial proper-
ties and depends on the time of
action of an electric current.

Bus D[2:0] in REGISTER OF
OPERATION MODES is responsi-
ble for adjusting the brightness
of the display. Dependence of
gating signal ratio on bus value
D[2:0] is presented in table 3.

A row gating is used in the
designed chip to output infor-
mation to the displays. The
CONTROL UNIT is responsible
for the generation of timing dia-
gram and control signals (Fig.3).

HAHO MHOVCTPHA #7/69/ 2016

Processing of eight displays
is carried out line by line, in
groups (from 0 to 3 and from
4 to 7). Address bus ADRI[2: 0]
sequentially takes values from
0 to 7 and thereby provides read-
ing the data from 8x8 RECISTER
OF DISPLAYED CHARACTERS. At
the same time, the provisional
register receives the row of cor-
responding character (previously
programmed or from the ASCII
table). The entry in the provi-
sional register is implemented by
the signals of WRI[3:0].

At the end of each cycle of the
enumeration of addresses, the bus
ADR[2:0] changes the number
of processed row ROW_SETI[2: 0].
The signals of ROW[13: 0] are the

gates of displayed data: ROW[0] is
the first row of the first group of
symbols, ROW([1] is the first row
of the second group of symbols,
etc. In case of transition from
ROWIn] to ROW[n +1] the CLK sig-
nal is generated that records the
data from the provisional to the
output registers.

Fig.4 shows the topology of
the chip of 5521TP034-726 circuit.
5521TP034-726 can be fabricated
as a single chip and in package
4239.68-1. |
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