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Mikrokontrollerek alkalmazástechnikája házi feladat


ATtiny85-ös mikrokontrollerrel szeretnék megvalósítani egy infrás távirányítóval irányítható játékot. A játék futásához nem kell emberi beavatkozás, magától is történnek benne események, viszont, ha fogunk egy távirányítót, akkor az egyik karaktert (a három közül) irányíthatjuk vele. A videójáték űrhajós tematikájú, amiben fejlődni az aszteroidák szétlövésével lehetséges.























A feladatot önállóan, meg nem engedett segítség nélkül oldottam meg:
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	aláírás
Részletes specifikáció
A játék futásához nem kell emberi beavatkozás, magától is történnek benne események, viszont, amennyiben fogunk egy távirányítót, akkor az egyik karaktert irányíthatjuk vele. A rendszer 3.3 V-ról működtethető, fogyasztása nem haladja meg a 15 mW-ot.
Infrán keresztüli NEC protokollal történő kommunikációval hét különböző kérést küldhetünk. A kijelző fényereje állítható növekvő és csökkenő irányban, a képernyőn látható egyik karakter mozgatható négy irányban, illetve a képernyőn látható karakter késztethető cselekvésre.
A rendszerrel továbbá UART-on keresztül is lehet kommunikálni. Küldeni a távirányító által küldhető parancsok karakteres megfelelőjét lehet. Ezek az előző sorrenddel megegyezően a következők: ’+’, ’-’, ’w’, ’a’, ’s’, ’d’, ’ ’. Visszafele pedig egy képkocka kirajzolásának ideje érkezik pár másodperces időközönként.
Maga a játék az űrben játszódik. Ezen belül egy űrhajóban található a játékos által irányított karakter és pár másik, a gép által irányított karakter is. A karakterek az űrhajót irányíthatják (ehhez az irányítópulthoz kell menni, és megnyomni az akciógombot). Az űrhajóval lőni is lehet, ehhez egy másik irányítópulthoz kell menni. Az űrhajó egy részének a képernyőn mindig látszania kell, így azt nem lehet bármilyen távolra elirányítani.
Vizuálisan oldalnézetű képeket látunk. Az űrhajó kétszintes, ezek között, illetve ezeken belül tudnak a karakterek közlekedni. A két szintet egy létra köti össze, amelyen fel és lefele is lehet közlekedni. A lefele mozgásnak a létrán kívül nincs következménye. A felfele mozgást a létrán kívül végrehajtva egy ugró animációt láthatunk.
Ütközésnek számít az és csak az, amikor az űrhajó legalább egy sötét pixele fedésben van az aszteroida egy sötét pixelével. Az űrhajó ütközhet az aszteroidákkal, ilyenkor az energiája csökken. Az energia lövés hatására is csökken. Erről visszajelzést egy az űrhajó spritejába integrált csík szolgáltat. Ha a csík hosszúsága nulla, a játéknak vége, és egy effekt lejátszása után elölről kezdődik. Ezt elkerülendő a fedélzet megfelelő pontján kell az akciógombot megnyomni, ilyenkor újra feltöltődik a csík. Néha megjelennek aszteroidák, melyek szétlőhetők. 
A spriteok animálhatók és az átlátszóság is biztosított. A háttérben csillagok mozognak véletlenszerű konfigurációkban. Utóbbiaknak nincs hatása a játékmenetre. Követelmény továbbá, hogy legalább 50 képkockát kirajzoljon másodpercenként legalább 64 x 32 pixeles felbontásban.
A játéknak figyelembe kell vennie az eddig felrobbantott aszteroidák számát, és ennek függvényében újabb funkciókat kell a játékos számára biztosítani. Ezek a funkciók sorrendben a következők: energia növelés lehetősége, lövés lehetősége, első segítő végül pedig a második segítő.
A segítők másik karaktereket jelölnek, akik egy többszintes szabályrendszert követve próbálják a játék előrehaladását segíteni. Minden funkció elérhető számukra, ami a játékos rendelkezésére is áll.
Funkcionális blokkvázlat
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Részletesebben
A specifikáció alapján az előző oldalon található blokkvázlatot készítettem. Sokat gondolkoztam a megfelelő absztrakciós szinten. Végül amellett döntöttem, hogy a játéklogika fáradtságos részletezése helyett annak csak a specifikációban kiemelt fő részeit tüntetem fel. Az eszköz viselkedésére már ennyiből is kellően nagy pontossággal lehet következtetni, a pontos implementáció és felbontás pedig rendkívül sokféle lehet. Szerencsére a többi követelmény elég egyértelműen vetíthető funkcionális blokkokra.
Mivel parancsokat több forrásból is kaphat a rendszer így a komplexitás csökkentése végett, azokhoz közös feldolgozóegységet célszerű használni. A kommunikációs protokollok bonyolultsága miatt ezekhez kezelőket is célszerű alkalmazni, így a rendszer többi része könnyebben veheti igénybe őket. Ezeknek a kezelőknek időzítőre is szükségük lesz.
Többször említésre került a követelmények közt a véletlenszerűségre igénye, ezek megvalósításához szükséges egy véletlenszám-generátor is. Továbbá explicit nem szerepelt a perzisztens tároló szükségessége, viszont az animált sprite-ok tárolását ezzel megoldhatjuk.
Az üzleti logika felel a követelményrendszer nagyobb részének teljesítéséért. Ennek kiemelendő funkciói a játékállapotának és a játék objektumoknak a felügyelete. Emellett a többi komponens működésének összeegyeztetése is ezen egység feladata.
Hardver szoftver szétválasztás
Ezek után a hardver szoftver szétválasztás többnyire egyértelmű lesz. A ki és bemenetek (infra, UART, LCD) természetesen hardveresen kerülnek megvalósításra. Az időzítők és tárhely pedig a mikrokontrollerek felépítéséből következően szintén hardveresen manifesztálódnak. Jó hír, hogy ezeken kívül minden funkció megvalósítható szoftveresen is. A felbontást vizuálisan a következő oldalon láthatjuk.
Diagram
A hardver által megvalósított részeket kék háttérszínű téglalapokkal jelöltem.


[image: ]

Hardver blokkvázlat
Maga a mikrokontroller a korábban említett ATtiny85-ös lesz. Ez egy kellően olcsó és kisméretű eszköz, meglepően magas teljesítménnyel. Hátránya a kisméretű RAM és programmemória. Ezeket ügyes programozással kell áthidalni.
Egy 128 x 64 pixel felbontású SPI-on kommunikáló kijelző szolgál kimenetként, egy TSOP szériás infra érzékelő pedig bemenetként. A kijelző felbontása (és beépített hardveres gyorsítása) lehetővé teszi a kétszeres upscaling használatát, így elég 64 x 32 pixelnyi képet kiszámolni. Fejlesztés alatt a mikrokontroller debugWIRE interface-én kerül sor a debugolásra. A tárgykövetelmények miatt UART-os kommunikációra is szükség lesz, viszont a lábak elfogytak, így a kimeneti lábakat egy shift-regiszterrel kell bővíteni, amivel kvázi SPI-on keresztül lehet kommunikálni. 
A (kimeneti) portbővítés az eddigi funkcionális leírásokban nem szerepelt, hiszen ez nem a specifikációban részletezett funkcionalitáshoz szükséges, hanem egyszerűen a mikrokontroller kis lábszáma által okozott akadályt szünteti meg.
A két SPI lábakat használó periféria miatt szükséges a chip-select jelek használata, ezt egy inverter alkalmazásával biztosítom.
[image: ]A mikrokontroller beépített USI-ja az SPI kezelésre lesz konfigurálva, lévén ez az időkritikusabb a relatíve nagy sávszélességet igénylő képkockák átküldése miatt. Az UART és az infra kezelésére pedig maradnak a pin change és timer interruptok. 
Kapcsolási rajz[image: ]
Szoftver rendszerterv
A teljes szoftveres dokumentációt mérete miatt nem illesztettem be ebbe a dokumentációba. A kommentek és a kód felépítése alapján doxygen-nel és pdlatex-kel generált dokumentáció a software_documentation.pdf fájlban található meg nyomtatható verzióban. Böngésző segítségével célszerűbb a kereshető software_documentation/index.html fájlon keresztül elérhető dokumentációt használni.
Ebben a részben csak átfogóbb képet szeretnék adni a rendszerről. A részleteket az előbb említett helyen lehet megtalálni.
Elvek
A szoftver architektúrájának tervezésekor fő szempontok voltak a modularitás, hordozhatóság és a teljesítmény. Nem elhanyagolható igény továbbá a kis méret sem. Mindezek teljesítése végett több alkalommal ismerhető fel az objektum-orientált szemlélet. 
Ezek miatt a programban nincs globálisan elérhető állapot, a komponensek saját állapotukat felügyelik, velük függvényhívásokkal lehet kommunikálni.
Hardverközeli
Madártávlatból három fő részre osztható a kódbázis. Legalul helyezkedik el a hardware-access, ami a legalapvetőbb hardveres funkciókat látja el egy kényelmesen használható API-val. A következő hardver funkciókért felelős modulok találhatók itt.
· Energiahatékonyság
· SPI (sebesség végett blokkoló működés)
· Időzítés (megszakítás alapú működés)
· Digitális kimenet
Másik mikrokontrollerre váltás esetén a változtatások túlnyomó része az előbbi elemekben várható.
Ez a réteg rendelkezik egy Façade jellegű interfésszel, aminek két felelőssége van. Egyrészt deklarálja a hardware-access által biztosított funkciókat. Másrészt a teljes hardveres inicializálásért felel. Utóbbira a kis méret és az egyszerű használat miatt van szükség. A program elején inicializáljuk a HAL-t, utána pedig bárhol includeolva a megfelelő headert, a teljes hardver funkcionalitást elérjük.
Driverek
A következő réteg a driver réteg. Az itteni modulok lazán csatoltak és egyetlen közös tulajdonságuk, hogy a HAL-t használják funkcionalitásuk megvalósításához. 

A következő komponensek helyezkednek el itt.
· Kijelző
· Infra (megszakítás alapú működés)
· Alvásütemezés
· UART (megszakítás alapú működés)
Ezek többnyire egy egyszerű interfész (callback függvény) átadásával inicializálhatók. Erre a laza csatoltság miatt van szükség, igazából ez a dependency inversion principle C nyelvi megvalósítása. 
A legmagasabb szintű funkciók az alkalmazás réteg-ben találhatók. Maga a játék és annak logikája itt kerül megvalósításra. Ez saját belső architektúrával rendelkezik, amit a későbbiekben fogok kifejteni.
Végül egy fontos komponens maradt még. A mediator az alkalmazás és a driverek között helyezkedik el. Biztosítja, hogy az előbbi két rétegen belül és azok közt megvalósulhasson a kommunikáció. Felelőssége a komponensek orkesztrációja. Mindezt a megfelelő fejlécű függvények átadásával éri el a megfelelő inicializáló függvényhívásokban.
Alkalmazáslogika
A fő szempont a magasszintű kód írásának lehetővé tétele és a kompakt méret. Ezért a játékobjektumok közt egy prototípus alapú öröklési rendszer került kialakításra. Minden típus rendelkezik egy prototípussal, ami a méretét, a rajzoló és a frissítő függvényét tartalmazza. Maguk a prototípusok a programmemóriában kerülnek tárolásra. Az objektumok rendelkeznek egy mutatóval a prototípusukra, egy pozícióval és egy union-nel, amiben a típus specifikus állapotukat tárolják.
Az objektumok tárolására az objektumtároló szolgál. Ez igazából egy heterogén kollekció pár hasznos függvénnyel. Például segítségével lekérdezhetők az objektumok típus alapján vagy az alapján, hogy adott pixel pozíciót tartalmazzák-e. Továbbá az objektumok frissítését és rajzolását lehet innen kezdeményezni.
Az időközönkénti új objektumok létrehozását az esemény generátor kezdeményezi. Emellett a játékmenetért (indítás, újraindításért) felelős komponens is ebben a rétegben kerül megvalósításra. 
Az összes játékobjektum típus rendelkezik saját komponenssel. Adott feladatukat a program többi részét használva igen magas szintű kóddal lehet megvalósítani. Önálló komponense van továbbá az AI-nak, ami az élő felhasználó által használható interfészen keresztül irányíthatja a karaktereket.
Megemlíthető, hogy a kirajzolásra szánt spritesheetek is itt kerülnek definiálásra a kijelző által elvárt speciális formátumban. Ezek az EEPROM-ban kerülnek tárolásra.
Segédfüggvények
Egyéb sztenderd könyvtár jellegű segédfunkciók is helyet kapnak a kódbázisban. Ezek működése elég magától értetődő. Felsorolás jelleggel a következő komponensekről van szó.
· Véletlenszámgenerátor
· Vektor (2 dimenziós)
· Téglalap
· Makrók
· Null
· Bit műveletek
Felhasználói leírás és kezelési útmutató
Az eszköz bekapcsolásához szükséges egy 3.3 V-os tápfeszültséget biztosítani számára. Ezután az UART – USB átalakító csatlakoztatva a számítógéphez, egy terminál alkalmazással (például PuTTY) csatlakozhatunk az eszközhöz. 
Ilyenkor az OLED kijelzőn egy karaktert láttunk az űrhajóban állni. Ezt a karaktert kétféleképpen irányíthatjuk. Egyrészt használhatjuk az imént elindított soros kommunikációt, vagy az eszközhöz tartozó infrás távirányítót is. Előbbi esetén a ’w’, ’a’, ’s’, ’d’ és szóköz billentyűk lenyomásával mozgathatjuk a karaktert, illetve vehetjük rá, hogy interakcióba lépjen a környezetével. A ’+’ és ’-’ billentyűk lenyomásával a kijelző fényerejét változtathatjuk. Távirányító esetében ezeknek a ’2’, ’4’, ’8’, ’6’, ’5’, ’+’ és ’-’ billentyűk felelnek meg. Bizonyos időközönként a soros porton egy ’szám ms’ alakú üzenet érkezik, ami megadja, hogy az előző ilyen üzenet óta mennyi időbe telt a leglassabban előállított kép kirajzolása.
A játék célja, az aszteroidák felrobbantása, miközben az űrhajó épséget megőrizzük. Aszteroidák felrobbanthatóak, ha az űrhajóval ütköznek, vagy lelövik őket. Az űrhajó mozgatásához annak jobb felső részéhez érve kell interakció gombot nyomni. Ettől kezdve a karakter helyett az űrhajót mozgatják a gombnyomások. Visszaváltani az interakció gomb ismételt lenyomásával lehetséges. 
Kellő mennyiségű felrobbantott aszteroida után az űrhajó felszereltsége nő. Az újonnan megjelenő tárgyakkal is interakcióba lehet lépni. Bal alul az űrhajót javíthatjuk (a jelenlegi állapotát jobb középen elhelyezett csíkon láthatjuk). Jobb alul található az ágyú.  A felszereltség növekedése mellett gép által irányított űrhajósók is megjelenhetnek, akik elvárható pontosággal végzik a szükséges feladatokat a játék célja eléréséért.
Ha a korábban említett csík hossza nullára csökken, egy animáció lejátszása után a játék elölről kezdődik. 
Bemérési tapasztalatok
Többször volt szükséges átépíteni a hardvert amiatt, mert az olcsó és kisméretű breadboard-ok csatlakozói nagyon hamar elhasználódnak. Emiatt legközelebb mindenképpen egy komolyabb breadboard-on kezdeném el a prototipízálást.
Emellett a fejlesztés első fázisában fejlesztőkártyát (vagy külső debuger-t) használnék a beépített debugolási lehetőségek miatt. Továbbá célszerű, ha mindenből legalább egy tartalék van nálunk, erre nemegyszer volt szükségem.
Alkatrészek kapcsán legpozitívabban a TSOP-ban csalódtam, nagyon jólszűrt és erős jelet ad még akkor is, ha az infra forrása relatíve messze van tőle.
Elkészült eszköz
[image: ]Egy kép a dokumentációban részletezett eszköz breadboardon elkészült prototípusáról.
[image: ]Az előző eszköz alapján készített, továbbfejlesztett konfiguráció pedig ezen a képen látható. Utóbbiról több információ a https://schmelczer.dev oldalon található.
Datasheet borítók
A következőkben a felhasznált hardverek datasheetjeinek első oldalát másoltam be. Ezek a következő chipekhez tartozó boritók:
· 2N7000G
· 74HC595
· D096128-SPI-7
· ATTINY85-V
· TSOP48
[image: ]






[bookmark: _MON_1650214936][bookmark: _MON_1650215039][bookmark: _MON_1650215015]
2
image4.png
Kommunikacios

idézitdé

Infra kezelése UART kezelése

TX
38kHz-en Infra Bitek Infra Utasités byte Parancs Utasitas byte UART UART/ |ammemmmd
R . . . e .
moduldltinfra | = li=e) kezeld értelmezd kezeld RX USB SR
A
Vegrehajtas Parancsok
kezdeményezés
Véletlenszam id6
. Véletlenszamok Frame-id6
generator
Reset
Até i Jatékallas Funkcié-engedélyezés .
Jatéklogika Léptetés exalls gedélys Funkciok
. . . P tarol
Frame Gtemezés, alvas N arolo
le T
Jatékmenet valtoztatasa
8
=
IR .
Perzisztens Spritesheetek w “E)‘ Kezelés
tarolo 2 € Jatékobjektumok
g —
Kijelzé kezelése ‘ Uzleti logika
B Kijelzd J
LCD kijelzé Data / Control elze
kezel6





image5.svg
        Infra  érzékelő  Infra  kezelő   LCD kijelző  Parancs  értelmező  UART  UART  kezelő  UART /  USB  Utasítás byte  Utasítás byte     Kijelző  kezelő   Játéklogika  Végrehajtás  kezdeményezés  Parancsok TX RX  Kommunikációs  időzítő    Játék  időzítő  Véletlenszám  generátor Véletlenszámok  Perzisztens  tároló  Spritesheetek   Rajzolás indítás  Fényerő Data / Control Bitek 38 kHz -en  modulált infra    Infra kezelése UART kezelése Kijelző kezelése   TX RX  Játékállás  tároló Reset Léptetés  Funkciók  Funkció - engedélyezés  Frame ütemezés, alvás  Játékobjektumok   Kezelés  Üzleti logika    Játékmenet változtatása   Frame - idő


image6.png
Infra érzékel6

Bitek

/CS

cs
Inverter
¢
X RX
ATtiny85 UART / USB
5 Shift-regiszter
=
2 g
3 g
LCD kijelzé





image7.svg
          Infra érzékelő  ATtiny85  Bitek  UART / USB  C S  SPI  – SCK, MOSI  Shift - regiszter  LCD kijelző  T X  DC, RS T  Inverter  RX  C S  /CS


image8.png
Programming

vee axBQ,

|
=l a1
2N7000 f

'I:T JGND GND

XX
o

U1
cs ATTINY85V-10SU
DC
RST PBO GND —-—-—III-GND
MOSI PB1 PB4
SCK PB2 PB3 R1
VCC =] VCC GND =) VCCp=—-VvCC PB5 {10k} VCC
Us GND——o—o—|||- Z .
Display [2
D096-12864-SPI7 =
o VCC
S )
> | |
'{ 2 2
O XX i GND.
o =
ST ==
n vCC
2 i
nOAWLOIT=
U2 O OCOOCOO0 .
nuar
Power XC6206P332MR-G sk )lolok% >25 U pusss
A us3 L
| =
Grﬁg——j_ VIN gvouT 1vee 74HC595 GND
GND L, L GYD
c2 c1 =
100u 100u j‘
UART )WF
L |
[a)
=z
O

Q
Z,
o

TITLE:
Mikrokontrollerek alkalmazastechnikaja HF. REV: 1.0

Company: BME Sheet: 1/1

Date: 2020-04-03 Drawn By: Andras Schmelczer

1 2 3 4 I





image9.svg
      ATTINY85V-10SU  U1     PB5 1      PB3 2      PB4 3      GND 4      PB0 5      PB1 6      PB2 7      VCC 8        GND         GND         GND          VCC           VCC      VCC      GND        TSOP4838  U4    OUT 1      GND 2      VS 3         GND         VCC        10k  R1   2 2      1 1       100u  C1      1 1      2 2       XC6206P332MR-G  U2            VIN 3      VOUT 2      VSS 1        GND         VCC     74HC595  U3    QB 1      QC 2      QD 3      QE 4      QF 5      QG 6      QH 7      GND 8      QH' 9      SCLR# 10      SCK 11      G# 13      SER 14      QA 15      VCC 16      RCK 12        GND         VCC             GND              100u  C2      1 1      2 2                           VCC       10k  R3   2 2      1 1       10k  R3   2 2      1 1        GND                      GND 1      VCC 2      SCK 3      MOSI 4      RST 5      DC 6      CS 7            GND 1      5V 2               GND 1      SCK 2      MOSI 3      MISO 4      RST 5                GND 1      RX 2      TX 3      4 4      5 5      6 6               NO  NO   A  A  B  B  C  C  1  1  2  2  3  3  4  4         TITLE:  Mikrokontrollerek alkalmazastechnikaja HF.  REV:  1.0  Date:  2020-04-03  Sheet:  1/1  Drawn By:  Andras Schmelczer  Company:  BME      GND         VCC     10k  R4   2 2      1 1       Display D096-12864-SPI7  Power  UART  Programming   2N7000  Q1           D 3      G 2      S 1       R2  R3  R4   U5                                 


image10.jpeg
90000590,
‘0000000





image11.png




image12.png
Features

* High Performance, Low Power AVR8-Bit Microcontroller

* Advanced RISC Architecture
- 120 Powerful Instructions ~ Most Single Clock Cycle Execution
- 32x 8 General Purpose Working Registers
- Fully Static Operation

* Non-volatile Program and Data Memories.

~ 2/4/BK Byte of In-System Programmable Program Memory Flash (ATtiny25/45/85)

Endurance: 10,000 Write/Erase Cycles
- 128/256/512 Bytes In-System Programmable EEPROM (ATtiny25/45/85)
Endurance: 100,000 Write/Erase Cycles
- 128/256/512 Bytes Internal SRAM (ATtiny25/45/85)
- Programming Lock for Self-Programming Flash Program and EEPROM Data
Security
« Peripheral Features
~ 8-bit Timer/Counter with Prescaler and Two PWM Channels
- 8-bit High Speed Timer/Counter with Separate Prescaler
2 High Frequency PWM Outputs with Separate Output Compare Registers
Programmable Dead Time Generator
- USI- Universal S face with Start Condition Detector
- 10-bit ADC
4Single Ended Channels
2 Differential ADC Channel Pairs with Programmable Gain (1x, 20x)
Temperature Measurement
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
Special Microcontroller Features
- debugWIRE On-chip Debug System
~ In-System Program; via SPI Port
- External and Internal Interrupt Sources
~ Low Power Idle, ADC Noise Reduction, and Power-down Modes
- Enhanced Power-on Reset Circuit
- Programmable Brown-out Detection Circuit
Calibrated Oscillator
ages
- Six Programmable VO Lines
~ 8-pin PDIP, 8-pin SOIC and 20-pad QFN/MLF
Operating Voltage
- 1.8-55V for ATtiny25/45/85V
- 2.7-5.5V for ATtiny25/45/85
Speed Grade
~ ATtiny25/45/85V: 0 - 4 MHz @ 1.
- ATtiny25/45/85: 0 - 10 MHz @ 2.
Industrial Temperature Range
Low Power Consumption

5V,0-10 MHz @ 2.7 - 5.5V
-20MHz @ 4.5-5.5V
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2N7000G         Small Signal MOSFET  200 mAmps, 60 Volts     N−Channel TO−92       Features        AEC Qualified      PPAP Capable      This is a Pb − Free Device*        MAXIMUM RATINGS    

Rating  Symbol  Value  Unit   

     

Drain Source Voltage  V DSS  60  Vdc   

Drain−Gate Voltage (R GS   = 1.0 MW)  V DGR  60  Vdc   

Gate−Source Voltage   ±Ê20    

−   Continuous  V GS   Vdc   

−   Non−repetitive (t p   ≤ 50 ms)  V GSM  ±Ê40  Vpk   

Drain Current    mAdc   

−   Continuous  I D  200    

−   Pulsed  I DM  500    

Total Power Dissipation @ T C   = 25°C  P D  350  mW   

Derate above  25°C   2.8  mW/°C   

     

Operating and Storage Temperature  T J , T stg  − 55 to +150  °C   

Range      

     

  THERMAL CHARACTERISTICS    

Characteristic  Symbol  Max  Unit  

    

Thermal Resistance, Junction−to−Ambient  R qJA  357  °C/W  

    

Maximum Lead  Temperature for  T L  300  °C  

Soldering Purposes, 1/16″ from case     

for 10 seconds     

    

  Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings  are stress ratings only. Functional operation above the Recommended Operating  Conditions is not implied. Extended exposure to stresses above the Recommended  Operating Conditions may affect device reliability.                             http://onsemi.com       200   mAMPS     60   VOLTS   R DS(on)  = 5   W     N−Channel     D            G        S           TO−92     CASE 29     STYLE 22    

1   2  3  1  2  3   

     

STRAIGHT LEAD  BENT LEAD   

BULK PACK  TAPE & REEL   

  AMMO PACK   

   

MARKING DIAGRAM   

AND PIN ASSIGNMENT   

             

     2N     

   7000       

    AYWW  G     

      G     

             

1           3   

           

Source           Drain   

2        

         

     Gate    

A  = Assembly Location   

Y  = Year    

  WW   = Work Week     G   = Pb−Free Package   (Note: Microdot may be in either location)       ORDERING INFORMATION     See detailed ordering and shipping  information in the package     dimensions section on page  2  of this data sheet.     *For additional information on our Pb−Free strategy and soldering details,  please download the ON Semiconductor Soldering and Mounting  Techniques Refe rence Manual, SOLDERRM/D.      

    Semiconductor Components Industries, LLC, 2011  1  Publication Order Number:  

April, 2011 − Rev. 8   2N7000/D  
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Small Signal MOSFET 200 mAmps, 60 Volts



N−Channel TO−92





Features



· AEC Qualified



· PPAP Capable



· This is a Pb−Free Device*







MAXIMUM RATINGS



		Rating

		Symbol

		Value

		Unit

		



		

		

		

		

		



		Drain Source Voltage

		VDSS

		60

		Vdc

		



		Drain−Gate Voltage (RGS = 1.0 MW)

		VDGR

		60

		Vdc

		



		Gate−Source Voltage

		

		±Ê20

		

		



		− Continuous

		VGS

		

		Vdc

		



		− Non−repetitive (tp ≤ 50 ms)

		VGSM

		±Ê40

		Vpk

		



		Drain Current

		

		

		mAdc

		



		− Continuous

		ID

		200

		

		



		− Pulsed

		IDM

		500

		

		



		Total Power Dissipation @ TC = 25°C

		PD

		350

		mW

		



		Derate above 25°C

		

		2.8

		mW/°C

		



		

		

		

		

		



		Operating and Storage Temperature

		TJ, Tstg

		−55 to +150

		°C

		



		Range

		

		

		

		



		

		

		

		

		







THERMAL CHARACTERISTICS



		Characteristic

		Symbol

		Max

		Unit



		

		

		

		



		Thermal Resistance, Junction−to−Ambient

		RqJA

		357

		°C/W



		

		

		

		



		Maximum Lead Temperature for

		TL

		300

		°C



		Soldering Purposes, 1/16″ from case

		

		

		



		for 10 seconds

		

		

		



		

		

		

		







Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect device reliability.
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200 mAMPS



60 VOLTS

RDS(on) = 5 W
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N−Channel
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TO−92



CASE 29



STYLE 22



		1 2

		3

		1 2

		3

		



		

		

		

		

		



		STRAIGHT LEAD

		BENT LEAD

		



		BULK PACK

		TAPE & REEL

		



		

		

		AMMO PACK
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		MARKING DIAGRAM

		



		AND PIN ASSIGNMENT

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		2N

		

		

		



		

		

		

		7000

		

		

		

		

		



		

		

		

		

		AYWW G

		

		

		



		

		

		

		

		

		

		G

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		1

		

		

		

		

		

		

		

		

		

		3

		



		

		

		

		

		

		

		

		

		

		

		

		



		Source

		

		

		

		

		

		

		

		

		

		Drain

		



		

		2

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		Gate

		

		



		A

		= Assembly Location

		



		Y

		= Year
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WW	= Work Week



· = Pb−Free Package

(Note: Microdot may be in either location)
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ORDERING INFORMATION





See detailed ordering and shipping information in the package



dimensions section on page 2 of this data sheet.



*For additional information on our Pb−Free strategy and soldering details, please download the ON Semiconductor Soldering and Mounting Techniques Reference Manual, SOLDERRM/D.
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)



		

		Characteristic

		Symbol

		Min

		Max

		Unit

		



		

		

		

		

		

		

		

		



		OFF CHARACTERISTICS

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		Drain−Source Breakdown Voltage

		(VGS = 0, ID = 10 mAdc)

		V(BR)DSS

		60

		−

		Vdc

		



		Zero Gate Voltage Drain Current

		(VDS = 48 Vdc, VGS = 0)

		IDSS

		−

		1.0

		mAdc

		



		

		

		(VDS = 48 Vdc, VGS = 0, TJ = 125°C)

		

		−

		1.0

		mAdc

		



		Gate−Body Leakage Current, Forward

		(VGSF = 15 Vdc, VDS = 0)

		IGSSF

		−

		−10

		nAdc

		



		ON CHARACTERISTICS (Note 1)

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		Gate Threshold Voltage

		(VDS = VGS, ID = 1.0 mAdc)

		VGS(th)

		0.8

		3.0

		Vdc

		



		Static Drain−Source On−Resistance

		(VGS = 10 Vdc, ID = 0.5 Adc)

		rDS(on)

		−

		5.0

		W

		



		

		

		(VGS = 4.5 Vdc, ID = 75 mAdc)

		

		−

		6.0

		

		



		Drain−Source On−Voltage

		(VGS = 10 Vdc, ID = 0.5 Adc)

		VDS(on)

		−

		2.5

		Vdc

		



		

		

		(VGS = 4.5 Vdc, ID = 75 mAdc)

		

		−

		0.45

		

		



		On−State Drain Current

		(VGS = 4.5 Vdc, VDS = 10 Vdc)

		Id(on)

		75

		−

		mAdc

		



		Forward Transconductance

		(VDS = 10 Vdc, ID = 200 mAdc)

		gfs

		100

		−

		mmhos

		



		DYNAMIC CHARACTERISTICS

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		Input Capacitance

		

		

		Ciss

		−

		60

		pF

		



		

		

		(VDS = 25 V, VGS = 0,

		

		

		

		

		



		Output Capacitance

		

		

		Coss

		−

		25

		

		



		

		

		f = 1.0 MHz)

		

		

		

		

		



		Reverse Transfer Capacitance

		

		

		Crss

		−

		5.0

		

		



		SWITCHING CHARACTERISTICS (Note 1)

		

		

		

		

		



		

		

		

		

		

		

		



		Turn−On Delay Time

		

		(VDD = 15 V, ID = 500 mA,

		ton

		−

		10

		ns

		



		Turn−Off Delay Time

		

		RG = 25 W, RL = 30 W, Vgen = 10 V)

		toff

		−

		10

		

		



		1. Pulse Test: Pulse Width ≤ 300 ms, Duty Cycle ≤ 2.0%.

		

		

		

		

		









ORDERING INFORMATION



		Device

		Package

		Shipping†



		2N7000G

		TO−92

		1000 Units / Bulk



		

		(Pb−Free)

		



		

		

		



		2N7000RLRAG

		TO−92

		2000 Tape & Reel



		

		(Pb−Free)

		



		

		

		







†For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging Specifications Brochure, BRD8011/D.
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		2N7000G

		



		

		2.0

		

		

		

		

		

		

		

		

		

		

		1.0

		



		

		1.8

		TA = 25°C

		

		

		

		

		

		

		

		

		

		



		(AMPS)

		1.6

		

		

		

		

		

		

		

		VGS=10V

		(AMPS)

		0.8

		



		

		1.4

		

		

		

		

		

		

		

		

		9 V

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		CURRENT

		1.2

		

		

		

		

		

		

		

		

		8 V

		CURRENT

		0.6

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		1.0

		

		

		

		

		

		

		

		

		7 V

		

		

		



		

		0.8

		

		

		

		

		

		

		

		

		

		

		0.4

		



		DRAIN

		

		

		

		

		

		

		

		

		

		

		DRAIN

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0.6

		

		

		

		

		

		

		

		

		6 V

		

		

		



		,

		

		

		

		

		

		

		

		

		

		5 V

		,

		

		



		D

		0.4

		

		

		

		

		

		

		

		

		

		D

		0.2

		



		I

		

		

		

		

		

		

		

		

		

		

		I

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0.2

		

		

		

		

		

		

		

		

		4 V

		

		

		



		

		

		

		

		

		

		

		

		

		

		3 V

		

		

		



		

		0

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		1.0

		2.0

		3.0

		4.0

		5.0

		6.0

		7.0

		8.0

		9.0

		10

		

		



		

		0

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		VDS, DRAIN SOURCE VOLTAGE (VOLTS)
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		VDS=10V

		25°C

		



		-Ê55°C

		

		



		

		125°C
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0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	9.0	10

VGS, GATE SOURCE VOLTAGE (VOLTS)





Figure 1. Ohmic Region	Figure 2. Transfer Characteristics





		ON-RESISTANCE

		

		2.4

		

		

		

		

		

		

		

		(NORMALIZED)

		1.2

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		2.2

		

		

		

		

		

		

		

		

		1.05

		

		

		

		VDS = VGS

		

		



		

		

		2.0

		V

		GS

		=10V

		

		

		

		

		1.1

		

		

		

		

		

		



		

		

		

		I

		

		

		

		

		

		

		

		

		

		

		ID = 1.0 mA

		

		



		

		

		

		

		

		= 200 mA

		

		

		

		

		

		

		

		

		

		

		



		

		

		1.8

		D

		

		

		

		

		

		

		1.10

		

		

		

		

		

		



		DRAIN-SOURCE

		(NORMALIZED)

		

		

		

		

		

		

		

		

		THRESHOLDVOLTAGE

		

		

		

		

		

		

		



		

		

		0.8

		

		

		

		

		

		

		

		

		0.8

		

		

		

		

		

		



		

		

		1.6

		

		

		

		

		

		

		

		

		1.0

		

		

		

		

		

		



		

		

		1.4

		

		

		

		

		

		

		

		

		0.95

		

		

		

		

		

		



		

		

		1.2

		

		

		

		

		

		

		

		

		0.9

		

		

		

		

		

		



		,STATIC

		

		1.0

		

		

		

		

		

		

		

		GS(th)

		0.85

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		,

		

		

		

		

		

		

		



		DS(on)

		

		0.6

		

		

		

		

		

		

		

		

		0.75

		

		

		

		

		

		



		

		

		0.4

		

		

		

		-Ê20

		+Ê20

		+Ê60

		+Ê100

		V

		0.7

		-Ê20

		+Ê20

		+Ê60

		+Ê100

		+Ê140

		



		r

		

		-Ê60

		

		

		

		

		

		

		

		+Ê140

		-Ê60

		

		

		

		

		

		



		

		

		

		

		

		

		

		T, TEMPERATURE (°C)

		

		

		

		

		T, TEMPERATURE (°C)
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Figure 3. Temperature versus Static	Figure 4. Temperature versus Gate



Drain−Source On−Resistance	Threshold Voltage
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PACKAGE DIMENSIONS







		

		

		

		TO−92 (TO−226)

		



		

		

		

		CASE 29−11

		



		

		

		

		ISSUE AM

		



		

		A

		B

		STRAIGHT LEAD

		



		

		

		

		

		



		

		

		

		BULK PACK

		



		R

		

		

		

		



		

		

		P

		

		



		

		

		L

		

		



		SEATING

		

		K

		

		



		PLANE
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		X X

		D

		



		

		G

		



		

		

		



		H

		J

		



		V

		C

		



		1

		SECTION X−X

		



		

		N

		



		

		N
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. CONTOUR OF PACKAGE BEYOND DIMENSION R IS UNCONTROLLED.

4. LEAD DIMENSION IS UNCONTROLLED IN P AND BEYOND DIMENSION K MINIMUM.



		

		INCHES

		MILLIMETERS

		



		DIM

		MIN

		MAX

		MIN

		MAX



		A

		0.175

		0.205

		4.45

		5.20

		



		B

		0.170

		0.210

		4.32

		5.33

		



		C

		0.125

		0.165

		3.18

		4.19

		



		D

		0.016

		0.021

		0.407

		0.533

		



		G

		0.045

		0.055

		1.15

		1.39

		



		H

		0.095

		0.105

		2.42

		2.66

		



		J

		0.015

		0.020

		0.39

		0.50

		



		K

		0.500

		---

		12.70

		---

		



		L

		0.250

		---

		6.35

		---

		



		N

		0.080

		0.105

		2.04

		2.66

		



		P

		---

		0.100

		---

		2.54

		



		R

		0.115

		---

		2.93

		---

		



		V

		0.135

		---

		3.43

		---
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		SEATING

		K

		



		PLANE
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		V

		C

		



		

		

		

		



		1

		

		N
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BENT LEAD



TAPE & REEL



AMMO PACK
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J



SECTION X−X






NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994.

2. CONTROLLING DIMENSION: MILLIMETERS.



3. CONTOUR OF PACKAGE BEYOND DIMENSION R IS UNCONTROLLED.

4. LEAD DIMENSION IS UNCONTROLLED IN P AND BEYOND DIMENSION K MINIMUM.



		

		MILLIMETERS



		DIM

		MIN

		MAX



		A

		4.45

		5.20



		B

		4.32

		5.33



		C

		3.18

		4.19



		D

		0.40

		0.54



		G

		2.40

		2.80



		J

		0.39

		0.50



		K

		12.70

		---



		N

		2.04

		2.66



		P

		1.50

		4.00



		R

		2.93

		---



		V

		3.43

		---







STYLE 22:

PIN 1.	SOURCE



2.	GATE



3.	DRAIN











		ON Semiconductor and

		are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice



		to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability



		arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.



		“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All



		operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights



		nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications



		intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should



		Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates,



		and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death



		associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal



		Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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PUBLICATION ORDERING INFORMATION



		LITERATURE FULFILLMENT:

		N. American Technical Support: 800−282−9855 Toll Free

		ON Semiconductor Website: www.onsemi.com

		



		Literature Distribution Center for ON Semiconductor

		USA/Canada

		Order Literature: http://www.onsemi.com/orderlit

		



		P.O. Box 5163, Denver, Colorado 80217 USA

		Europe, Middle East and Africa Technical Support:

		

		



		Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada

		Phone: 421 33 790 2910

		For additional information, please contact your local

		



		Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada

		Japan Customer Focus Center

		

		



		

		

		Sales Representative

		



		Email: orderlit@onsemi.com

		Phone: 81−3−5773−3850
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8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state






74HC595; 74HCT595







FEATURES



· 8-bit serial input



· 8-bit serial or parallel output



· Storage register with 3-state outputs



· Shift register with direct clear



· 100 MHz (typical) shift out frequency



· ESD protection:



HBM EIA/JESD22-A114-A exceeds 2000 V MM EIA/JESD22-A115-A exceeds 200 V.



APPLICATIONS



· Serial-to-parallel data conversion



· Remote control holding register.

















QUICK REFERENCE DATA

GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns.








DESCRIPTION



The 74HC/HCT595 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL). They are specified in compliance with JEDEC standard no. 7A.



The 74HC/HCT595 is an 8-stage serial shift register with a storage register and 3-state outputs. The shift register and storage register have separate clocks.



Data is shifted on the positive-going transitions of the SH_CP input. The data in each register is transferred to the storage register on a positive-going transition of the ST_CP input. If both clocks are connected together, the shift register will always be one clock pulse ahead of the storage register.



The shift register has a serial input (DS) and a serial standard output (Q7’) for cascading. It is also provided with asynchronous reset (active LOW) for all 8 shift register stages. The storage register has 8 parallel 3-state bus driver outputs. Data in the storage register appears at the output whenever the output enable input (OE) is LOW.







		SYMBOL

		

		

		PARAMETER

		CONDITIONS

		TYPICAL

		UNIT

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		74HC

		74HCT

		

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		



		tPHL/tPLH

		propagation delay

		CL = 50 pF; VCC = 4.5 V

		

		

		

		



		

		

		SH_CP to Q7’

		

		19

		25

		ns

		



		

		

		SH_CP to Qn

		

		20

		24

		ns

		



		

		

		

		to Q7’

		

		100

		52

		ns

		



		

		

		MR

		

		

		

		

		

		



		

		

		

		

		

		

		



		fmax

		maximum clock frequency SH_CP and ST_CP

		

		100

		57

		MHz

		



		CI

		input capacitance

		

		3.5

		3.5

		pF

		



		CPD

		power dissipation capacitance per package

		notes 1 and 2

		115

		130

		pF

		









Notes



1. CPD is used to determine the dynamic power dissipation (PD in µW). PD = CPD × VCC2 × fi × N + Σ(CL × VCC2 × fo) where:



fi = input frequency in MHz;

fo = output frequency in MHz;

CL = output load capacitance in pF; VCC = supply voltage in Volts;



N = total load switching outputs;



Σ(CL × VCC2 × fo) = sum of the outputs.



2. For 74HC595 the condition is VI = GND to VCC.

For 74HCT595 the condition is VI = GND to VCC − 1.5 V.
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FUNCTION TABLE



See note 1.






74HC595; 74HCT595







		

		

		INPUT

		

		

		

		

		OUTPUT

		

		

		FUNCTION

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		SH_CP

		ST_CP

		

		

		

		

		

		

		DS

		Q7’

		Qn

		

		

		

		



		

		

		

		OE

		

		

		MR

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		X

		X

		

		L

		

		L

		

		X

		L

		n.c.

		a LOW level on

		

		only affects the shift registers

		



		

		

		

		

		

		

		

		

		

		

		

		MR

		

		



		X

		↑

		

		L

		

		L

		

		X

		L

		L

		empty shift register loaded into storage register

		



		

		

		

		

		

		

		

		

		

		

		

		



		X

		X

		

		H

		

		L

		

		X

		L

		Z

		shift register clear; parallel outputs in high-impedance

		



		

		

		

		

		

		

		

		

		

		

		

		OFF-state

		



		

		

		

		

		

		

		

		

		

		

		

		



		↑

		X

		

		L

		

		H

		

		H

		Q6’

		n.c.

		logic high level shifted into shift register stage 0;

		



		

		

		

		

		

		

		

		

		

		

		

		contents of all shift register stages shifted through, e.g.

		



		

		

		

		

		

		

		

		

		

		

		

		previous state of stage 6 (internal Q6’) appears on the

		



		

		

		

		

		

		

		

		

		

		

		

		serial output (Q7’)

		



		

		

		

		

		

		

		

		

		

		

		

		



		X

		↑

		

		L

		

		H

		

		X

		n.c.

		Qn’

		contents of shift register stages (internal Qn’) are

		



		

		

		

		

		

		

		

		

		

		

		

		transferred to the storage register and parallel output

		



		

		

		

		

		

		

		

		

		

		

		

		stages

		



		

		

		

		

		

		

		

		

		

		

		

		



		↑

		↑

		

		L

		

		H

		

		X

		Q6’

		Qn’

		contents of shift register shifted through; previous

		



		

		

		

		

		

		

		

		

		

		

		

		contents of the shift register is transferred to the

		



		

		

		

		

		

		

		

		

		

		

		

		storage register and the parallel output stages

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		









Note



1. H = HIGH voltage level; L = LOW voltage level;



↑ = LOW-to-HIGH transition;



· = HIGH-to-LOW transition;



Z = high-impedance OFF-state;



n.c. = no change;



X = don’t care.



ORDERING INFORMATION





		

		

		

		PACKAGE

		

		

		



		TYPE NUMBER

		

		

		

		

		

		



		

		TEMPERATURE

		PINS

		PACKAGE

		MATERIAL

		CODE

		



		

		

		

		

		

		

		



		

		RANGE

		

		

		

		

		



		

		

		

		

		

		

		



		

		

		

		

		

		

		



		74HC595N

		−40 to +125 °C

		16

		DIP16

		plastic

		SOT38-4

		



		

		

		

		

		

		

		



		74HCT595N

		−40 to +125 °C

		16

		DIP16

		plastic

		SOT38-4

		



		

		

		

		

		

		

		



		74HC595D

		−40 to +125 °C

		16

		SO16

		plastic

		SOT109-1

		



		

		

		

		

		

		

		



		74HCT595D

		−40 to +125 °C

		16

		SO16

		plastic

		SOT109-1

		



		

		

		

		

		

		

		



		74HC595DB

		−40 to +125 °C

		16

		SSOP16

		plastic

		SOT338-1

		



		

		

		

		

		

		

		



		74HCT595DB

		−40 to +125 °C

		16

		SSOP16

		plastic

		SOT338-1

		



		

		

		

		

		

		

		



		74HC595PW

		−40 to +125 °C

		16

		TSSOP16

		plastic

		SOT403-1

		



		

		

		

		

		

		

		



		74HCT595PW

		−40 to +125 °C

		16

		TSSOP16

		plastic

		SOT403-1

		



		

		

		

		

		

		

		



		74HC595BQ

		−40 to +125 °C

		16

		DHVQFN16

		plastic

		SOT763-1

		



		

		

		

		

		

		

		



		74HCT595BQ

		−40 to +125 °C

		16

		DHVQFN16

		plastic

		SOT763-1
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PINNING






74HC595; 74HCT595







		PIN

		

		SYMBOL

		DESCRIPTION

		



		

		

		

		

		



		1

		

		Q1

		parallel data output

		



		

		

		

		

		



		2

		

		Q2

		parallel data output

		



		

		

		

		

		



		3

		

		Q3

		parallel data output

		



		

		

		

		

		



		4

		

		Q4

		parallel data output

		



		

		

		

		

		



		5

		

		Q5

		parallel data output

		



		

		

		

		

		



		6

		

		Q6

		parallel data output

		



		

		

		

		

		



		7

		

		Q7

		parallel data output

		



		

		

		

		

		



		8

		

		GND

		ground (0 V)

		



		

		

		

		

		



		9

		

		Q7’

		serial data output

		



		

		

		

		

		

		

		



		10

		

		

		

		

		master reset (active LOW)

		



		

		

		MR

		

		

		



		11

		

		SH_CP

		shift register clock input

		



		

		

		

		

		



		12

		

		ST_CP

		storage register clock input

		



		

		

		

		

		

		



		13

		

		

		

		output enable (active LOW)

		



		

		

		OE

		

		

		



		14

		

		DS

		serial data input

		



		

		

		

		

		



		15

		

		Q0

		parallel data output

		



		

		

		

		

		



		16

		

		VCC

		positive supply voltage

		



























handbook, halfpage

[image: ]

		Q1

		1

		

		

		16

		

		VCC

		



		Q2

		

		

		

		

		

		Q0

		



		

		2

		

		

		15

		

		

		



		Q3

		

		

		

		

		

		DS

		



		

		3

		

		14

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		Q4

		4

		

		13

		

		OE

		



		Q5

		

		

		595

		

		

		

		ST_CP

		



		

		5

		

		

		12

		

		

		



		Q6

		

		

		

		

		

		SH_CP

		



		

		6

		

		

		11

		

		

		



		Q7

		

		

		

		

		

		

		



		

		7

		

		

		10

		

		MR

		



		GND

		

		

		

		

		

		Q7'

		



		

		8

		

		9

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		MLA001

		

		

		

		



















Fig.1	Pin configuration DIP16, SO16 and (T)SSOP16.




















		handbook, halfpage

		

		Q1

		VCC

		

		

		

		



		

		

		1

		16

		

		

		

		



		Q2

		2

		

		15

		Q0

		



		Q3

		3

		

		14

		DS

		



		Q4

		4

		

		13

		

		



		

		

		

		

		OE

		

		



		

		

		GND(1)

		

		

		

		



		Q5

		5

		

		12

		ST_CP

		



		Q6

		6

		

		11

		SH_CP

		



		Q7

		7

		

		10

		

		

		



		

		

		

		

		MR

		

		

		



		

		

		8

		9

		

		

		

		



		

		Top view

		GND

		Q7'

		

		

		

		



		

		

		

		MBL893

		

		

		

		





[image: ]









(1) The die substrate is attached to this pad using conductive die attach material. It can not be used as a supply pin or input.



Fig.2 Pin configuration DHVQFN16.
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74HC595; 74HCT595















		handbook, halfpage

		11

		12

		

		handbook, halfpage

		13

		

		EN3

		

		

		

		



		

		

		

		

		OE

		12

		

		

		

		

		

		



		SH_CP ST_CP

		

		ST_CP

		

		

		C2

		

		

		

		



		

		

		

		9

		

		10

		

		

		

		

		

		



		

		

		Q7'

		

		MR

		

		R

		SRG8

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		15

		

		11

		

		

		

		

		

		



		

		

		Q0

		

		SH_CP

		

		

		C1/

		

		

		

		



		

		

		Q1

		1

		

		

		

		

		

		

		

		



		

		

		

		

		

		14

		

		

		

		15

		

		



		

		

		Q2

		2

		DS

		

		1D

		2D

		3

		

		Q0

		



		

		

		

		

		

		

		

		

		

		1

		

		



		14

		

		Q3

		3

		

		

		

		

		

		

		Q1

		



		DS

		

		4

		

		

		

		

		

		2

		Q2

		



		

		

		Q4

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		3

		Q3

		



		

		

		Q5

		5

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		4

		

		



		

		

		

		6

		

		

		

		

		

		

		Q4

		



		

		

		Q6

		

		

		

		

		

		

		5

		

		



		

		

		

		7

		

		

		

		

		

		

		Q5

		



		

		

		Q7

		

		

		

		

		

		

		6

		Q6

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		MR

		OE

		

		

		

		

		

		

		7

		Q7

		



		

		10

		13

		

		

		

		

		

		

		9

		Q7'

		



		

		

		

		MLA002

		

		

		

		

		MSA698

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		Fig.3

		Logic symbol.

		

		

		Fig.4

		IEC logic symbol.

		

		

		





[image: ]







		14

		

		

		DS

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		11

		SH_CP

		

		

		8-STAGE SHIFT REGISTER

		

		

		

		



		10

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		MR

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q7'

		9

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		12

		ST_CP

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		8-BIT STORAGE REGISTER

		

		

		

		



		

		

		

		

		

		

		

		

		

		Q0

		15

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q1

		1

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q2

		2

		

		



		13

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q3

		3

		

		



		

		

		OE

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		3-STATE OUTPUTS

		Q4

		4

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q5

		5

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q6

		6

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Q7

		7
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MLA003



Fig.5 Functional diagram.
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74HC595; 74HCT595



















		handbook, full pagewidth

		STAGE 0

		

		STAGES 1 to 6

		

		STAGE 7

		

		



		

		

		

		

		

		

		

		



		DS

		D

		Q

		D

		

		

		

		

		Q

		D

		Q

		Q7'

		



		

		FF0

		

		

		

		

		

		

		

		FF7

		

		

		



		

		CP

		

		

		

		

		

		

		

		CP

		

		

		



		

		R

		

		

		

		

		

		

		

		R

		

		

		



		SH_CP

		

		

		

		

		

		

		

		

		

		

		

		



		MR

		

		

		

		

		

		

		

		

		

		

		

		



		

		D

		Q

		

		

		

		

		

		

		D

		Q

		

		



		

		LATCH

		

		

		

		

		

		

		LATCH

		

		



		

		CP

		

		

		

		

		

		

		

		CP

		

		

		



		ST_CP

		

		

		

		

		

		

		

		

		

		

		

		



		OE

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		Q0

		Q1

		Q2

		Q3

		Q4

		Q5

		Q6

		

		Q7

		MLA010

		



		

		

		

		Fig.6

		Logic diagram.
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74HC595; 74HCT595
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DS
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MR







OE





Q0



high-impedance OFF-state



Q1













Q6





Q7





Q7'



MLA005-1























Fig.6 Timing diagram.
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RECOMMENDED OPERATING CONDITIONS






74HC595; 74HCT595







		SYMBOL

		PARAMETER

		CONDITIONS

		

		74HC

		

		

		74HCT

		

		UNIT

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		MIN.

		TYP.

		MAX.

		MIN.

		TYP.

		MAX.

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		VCC

		supply voltage

		

		2.0

		5.0

		6.0

		4.5

		5.0

		5.5

		V

		



		VI

		input voltage

		

		0

		−

		VCC

		0

		−

		VCC

		V

		



		VO

		output voltage

		

		0

		−

		VCC

		0

		−

		VCC

		V

		



		Tamb

		ambient temperature

		

		−40

		−

		+125

		−40

		−

		+125

		°C

		



		tr, tf

		input rise and fall time

		VCC = 2.0 V

		−

		−

		1000

		−

		−

		−

		ns

		



		

		

		VCC = 4.5 V

		−

		6.0

		500

		−

		6.0

		500

		ns

		



		

		

		VCC = 6.0 V

		−

		−

		400

		−

		−

		−

		ns

		









LIMITED VALUES



In accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referenced to GND (ground = 0 V).





		SYMBOL

		PARAMETER

		CONDITIONS

		MIN.

		MAX.

		UNIT



		

		

		

		

		

		



		VCC

		supply voltage

		

		−0.5

		+7.0

		V



		IIK

		input diode current

		VI < −0.5 V to VI > VCC + 0.5 V

		−

		±20

		mA



		IOK

		output diode current

		VO < −0.5 V to VO > VCC + 0.5 V

		−

		±20

		mA



		IO

		output source or sink current

		VO = −0.5 V to VCC + 0.5 V

		

		

		



		

		

		Q7’ standard output

		−

		±25

		mA



		

		

		Qn bus driver outputs

		−

		±35

		mA



		

		

		

		

		

		



		ICC, IGND

		VCC or GND current

		

		−

		±70

		mA



		Tstg

		storage temperature

		

		−65

		+150

		°C



		Ptot

		power dissipation

		Tamb = −40 to +125 °C; note 1

		−

		500

		mW







Note



1. For DIP16 packages: above 70 °C derate linearly with 12 mW/K.



For SO16 packages: above 70 °C derate linearly with 8 mW/K.



For SSOP16 packages: above 60 °C derate linearly with 5.5 mW/K.



For TSSOP16 packages: above 60 °C derate linearly with 5.5 mW/K.



For DHVQFN16 packages: above 60 °C derate linearly with 4.5 mW/K.
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DC CHARACTERISTICS



Type 74HC




74HC595; 74HCT595





At recommended operating conditions; voltages are referenced to GND (ground = 0 V).





		SYMBOL

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		



		

		

		OTHER

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +85 °C; note 1

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VIH

		HIGH-level input

		

		2.0

		1.5

		1.2

		−

		V

		



		

		voltage

		

		4.5

		3.15

		2.4

		−

		V

		



		

		

		

		

		

		

		

		

		



		

		

		

		6.0

		4.2

		3.2

		−

		V

		



		

		

		

		

		

		

		

		

		



		VIL

		LOW-level input

		

		2.0

		−

		0.8

		0.5

		V

		



		

		voltage

		

		4.5

		−

		2.1

		1.35

		V

		



		

		

		

		

		

		

		

		

		



		

		

		

		6.0

		−

		2.8

		1.8

		V

		



		

		

		

		

		

		

		

		

		



		VOH

		HIGH-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO = −20 µA

		2.0

		1.9

		2.0

		−

		V

		



		

		

		

		4.5

		4.4

		4.5

		−

		V

		



		

		

		

		6.0

		5.9

		6.0

		−

		V

		



		

		

		

		

		

		

		

		

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = −4.0 mA

		4.5

		3.84

		4.32

		−

		V

		



		

		

		IO = −5.2 mA

		6.0

		5.34

		5.81

		−

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = −6.0 mA

		4.5

		3.84

		4.32

		−

		V

		



		

		

		IO = −7.8 mA

		6.0

		5.34

		5.81

		−

		V

		



		VOL

		LOW-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO=20µA

		2.0

		−

		0

		0.1

		V

		



		

		

		

		4.5

		−

		0

		0.1

		V

		



		

		

		

		6.0

		−

		0

		0.1

		V

		



		

		

		

		

		

		

		

		

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = 4.0 mA

		4.5

		−

		0.15

		0.33

		V

		



		

		

		IO = 5.2 mA

		6.0

		−

		0.16

		0.33

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = 6.0 mA

		4.5

		−

		0.16

		0.33

		V

		



		

		

		IO = 7.8 mA

		6.0

		−

		0.16

		0.33

		V

		



		ILI

		input leakage current

		VI = VCC or GND

		6.0

		−

		−

		±1.0

		µA

		



		IOZ

		3-state output

		VI = VIH or VIL;

		6.0

		−

		−

		±5.0

		µA

		



		

		OFF-state current

		VO = VCC or GND

		

		

		

		

		

		



		ICC

		quiescent supply

		VI = VCC or GND;

		6.0

		−

		−

		80

		µA

		



		

		current

		IO=0
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74HC595; 74HCT595









		SYMBOL

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		



		

		

		OTHER

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +125 °C

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VIH

		HIGH-level input

		

		2.0

		1.5

		−

		−

		V

		



		

		voltage

		

		4.5

		3.15

		−

		−

		V

		



		

		

		

		

		

		

		

		

		



		

		

		

		6.0

		4.2

		−

		−

		V

		



		

		

		

		

		

		

		

		

		



		VIL

		LOW-level input

		

		2.0

		−

		−

		0.5

		V

		



		

		voltage

		

		4.5

		−

		−

		1.35

		V

		



		

		

		

		

		

		

		

		

		



		

		

		

		6.0

		−

		−

		1.8

		V

		



		

		

		

		

		

		

		

		

		



		VOH

		HIGH-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO = −20 µA

		2.0

		1.9

		−

		−

		V

		



		

		

		

		4.5

		4.4

		−

		−

		V

		



		

		

		

		6.0

		5.9

		−

		−

		V

		



		

		

		

		

		

		

		

		

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = −4.0 mA

		4.5

		3.7

		−

		−

		V

		



		

		

		IO = −5.2 mA

		6.0

		5.2

		−

		−

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = −6.0 mA

		4.5

		3.7

		−

		−

		V

		



		

		

		IO = −7.8 mA

		6.0

		5.2

		−

		−

		V

		



		VOL

		LOW-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO=20µA

		4.5

		−

		−

		0.1

		V

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = 4.0 mA

		4.5

		−

		−

		0.4

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = 6.0 mA

		4.5

		−

		−

		0.4

		V

		



		ILI

		input leakage current

		VI = VCC or GND

		5.5

		−

		−

		±1.0

		µA

		



		IOZ

		3-state output

		VI = VIH or VIL;

		5.5

		−

		−

		±10.0

		µA

		



		

		OFF-state current

		VO = VCC or GND

		

		

		

		

		

		



		ICC

		quiescent supply

		VI = VCC or GND;

		5.5

		−

		−

		160

		µA

		



		

		current

		IO=0

		

		

		

		

		

		









Note



1.	All typical values are measured at Tamb = 25 °C.
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Type 74HCT




74HC595; 74HCT595





At recommended operating conditions; voltages are referenced to GND (ground = 0 V); tr = tf = 6 ns; CL = 50 pF.





		SYMBOL

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		



		

		

		OTHER

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +85 °C; note 1

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VIH

		HIGH-level input

		

		4.5 to 5.5

		2.0

		1.6

		−

		V

		



		

		voltage

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VIL

		LOW-level input

		

		4.5 to 5.5

		−

		1.2

		0.8

		V

		



		

		voltage

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VOH

		HIGH-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO = −20 µA

		4.5

		4.4

		4.5

		−

		V

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = −4.0 mA

		4.5

		3.84

		4.32

		−

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = −6.0 mA

		4.5

		3.7

		4.32

		−

		V

		



		VOL

		LOW-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO=20µA

		4.5

		−

		0

		0.33

		V

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = 4.0 mA

		4.5

		−

		0.15

		0.33

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = 6.0 mA

		4.5

		−

		0.16

		0.33

		V

		



		ILI

		input leakage current

		VI = VCC or GND

		5.5

		−

		−

		±1.0

		µA

		



		IOZ

		3-state output

		VI = VIH or VIL;

		5.5

		−

		−

		±5.0

		µA

		



		

		OFF-state current

		VO = VCC or GND

		

		

		

		

		

		



		ICC

		quiescent supply

		VI = VCC or GND;

		5.5

		−

		−

		80

		µA

		



		

		current

		IO=0

		

		

		

		

		

		



		ICC

		additional supply

		VI = VCC − 2.1 V;

		4.5 to 5.5

		−

		100

		450

		µA

		



		

		current per input

		IO = 0; note 2
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[bookmark: page13]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state






74HC595; 74HCT595









		SYMBOL

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		



		

		

		OTHER

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +125 °C

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VIH

		HIGH-level input

		

		4.5 to 5.5

		2.0

		−

		−

		V

		



		

		voltage

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VIL

		LOW-level input

		

		4.5 to 5.5

		−

		−

		0.8

		V

		



		

		voltage

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VOH

		HIGH-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO = −20 µA

		4.5

		4.4

		−

		−

		V

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = −4.0 mA

		4.5

		3.7

		−

		−

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = −6.0 mA

		4.5

		3.7

		−

		−

		V

		



		VOL

		LOW-level output

		VI = VIH or VIL

		

		

		

		

		

		



		

		voltage

		all outputs

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		IO=20µA

		4.5

		−

		−

		0.1

		V

		



		

		

		Q7’ standard output

		

		

		

		

		

		



		

		

		IO = 4.0 mA

		4.5

		−

		−

		0.4

		V

		



		

		

		Qn bus driver outputs

		

		

		

		

		

		



		

		

		IO = 6.0 mA

		4.5

		−

		−

		0.4

		V

		



		ILI

		input leakage current

		VI = VCC or GND

		5.5

		−

		−

		±1.0

		µA

		



		IOZ

		3-state output

		VI = VIH or VIL;

		5.5

		−

		−

		±10.0

		µA

		



		

		OFF-state current

		VO = VCC or GND

		

		

		

		

		

		



		ICC

		quiescent supply

		VI = VCC or GND;

		5.5

		−

		−

		160

		µA

		



		

		current

		IO=0

		

		

		

		

		

		



		ICC

		additional supply

		VI = VCC − 2.1 V;

		4.5 to 5.5

		−

		−

		490

		µA

		



		

		current per input

		IO = 0; note 2

		

		

		

		

		

		









Notes



1.	All typical values are measured at Tamb = 25 °C.



2.	The value of additional quiescent supply current ( ICC) for a unit load of 1 is given here. To determine ICC per input, multiply this value by the unit load coefficient per input pin:



a. pin DS: 0.25



b. pins MR, SH_CP, ST_CP and OE: 1.50.
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[bookmark: page14]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state





AC CHARACTERISTICS



Family 74HC

GND = 0 V; tr = tf = 6 ns; CL = 50 pF.






74HC595; 74HCT595







		SYMBOL

		

		

		

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		WAVEFORMS

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		Tamb = 25 °C

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		tPHL/tPLH

		

		propagation delay

		see Fig.7

		2.0

		−

		52

		160

		ns

		



		

		

		SH_CP to Q7’

		

		4.5

		−

		19

		32

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		−

		15

		27

		ns

		



		

		

		

		

		

		

		

		

		

		



		

		

		propagation delay

		see Fig.8

		2.0

		−

		55

		175

		ns

		



		

		

		ST_CP to Qn

		

		

		

		

		

		

		



		

		

		

		

		4.5

		−

		20

		35

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		−

		16

		30

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPHL

		

		propagation delay

		see Fig.10

		2.0

		−

		47

		175

		ns

		



		

		

		MR

		to Q7’

		

		4.5

		−

		17

		35

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		−

		14

		30

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPZH/tPZL

		

		3-state output enable time

		see Fig.11

		2.0

		−

		47

		150

		ns

		



		

		

		OE

		to Qn

		

		4.5

		−

		17

		30

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		−

		14

		26

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPHZ/tPLZ

		

		3-state output disable time

		see Fig.11

		2.0

		−

		41

		150

		ns

		



		

		

		OE

		to Qn

		

		4.5

		−

		15

		30

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		−

		12

		26

		ns

		



		

		

		

		

		

		

		

		

		

		



		tW

		

		shift clock pulse width

		see Fig.7

		2.0

		75

		17

		−

		ns

		



		

		

		HIGH or LOW

		

		4.5

		15

		6

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		13

		5

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		

		

		storage clock pulse width

		see Fig.8

		2.0

		75

		11

		−

		ns

		



		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		4.5

		15

		4

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		13

		3

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		

		

		master reset pulse width

		see Fig.10

		2.0

		75

		17

		−

		ns

		



		

		

		LOW

		

		

		

		

		

		

		



		

		

		

		

		4.5

		15

		6.0

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		13

		5.0

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		tsu

		

		set-up time DS to SH_CP

		see Fig.9

		2.0

		50

		11

		−

		ns

		



		

		

		

		

		

		

		4.5

		10

		4.0

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		9.0

		3.0

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		

		

		set-up time

		see Fig.8

		2.0

		75

		22

		−

		ns

		



		

		

		SH_CP to ST_CP

		

		

		

		

		

		

		



		

		

		

		

		4.5

		15

		8

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		13

		7

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		th

		

		hold time DS to SH_CP

		see Fig.9

		2.0

		+3

		−6

		−

		ns

		



		

		

		

		

		

		

		4.5

		+3

		−2

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		6.0

		+3

		−2

		−

		ns
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[bookmark: page15]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state






74HC595; 74HCT595









		SYMBOL

		

		

		

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		WAVEFORMS

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		trem

		

		removal time

		

		to SH_CP

		see Fig.10

		2.0

		+50

		−19

		−

		ns

		



		

		

		

		MR

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		4.5

		+10

		−7

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		+9

		−6

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		fmax

		

		maximum clock

		see Figs 7 and 8

		2.0

		9

		30

		−

		MHz

		



		

		

		pulse frequency

		

		4.5

		30

		91

		−

		MHz

		



		

		

		SH_CP or ST_CP

		

		

		

		

		

		

		



		

		

		

		

		6.0

		35

		108

		−

		MHz

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +85 °C

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL/tPLH

		

		propagation delay

		see Fig.7

		2.0

		−

		−

		200

		ns

		



		

		

		SH_CP to Q7’

		

		4.5

		−

		−

		40

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		34

		ns

		



		

		

		

		

		

		

		

		

		



		

		propagation delay

		see Fig.8

		2.0

		−

		−

		220

		ns

		



		

		ST_CP to An

		

		

		

		

		

		

		



		

		

		

		4.5

		−

		−

		44

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		37

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPHL

		

		propagation delay

		see Fig.10

		2.0

		−

		−

		220

		ns

		



		

		

		MR

		to Q7’

		

		4.5

		−

		−

		44

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		37

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPZH/tPZL

		

		3-state output enable time

		see Fig.11

		2.0

		−

		−

		190

		ns

		



		

		

		OE

		to Qn

		

		4.5

		−

		−

		38

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		33

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPHZ/tPLZ

		

		3-state output disable time

		see Fig.11

		2.0

		−

		−

		190

		ns

		



		

		

		OE

		to Qn

		

		4.5

		−

		−

		38

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		33

		ns

		



		

		

		

		

		

		

		

		

		

		



		tW

		

		shift clock pulse width

		see Fig.7

		2.0

		95

		−

		−

		ns

		



		

		

		HIGH or LOW

		

		4.5

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		16

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		

		storage clock pulse width

		see Fig.8

		2.0

		95

		−

		−

		ns

		



		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		4.5

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		16

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		

		master reset pulse width

		see Fig.10

		2.0

		95

		−

		−

		ns

		



		

		LOW

		

		

		

		

		

		

		



		

		

		

		4.5

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		16

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		tsu

		

		set-up time DS to SH_CP

		see Fig.9

		2.0

		65

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		4.5

		13

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		11

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		

		set-up time

		see Fig.8

		2.0

		95

		−

		−

		ns

		



		

		SH_CP to ST_CP

		

		

		

		

		

		

		



		

		

		

		4.5

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		16

		−

		−

		ns
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[bookmark: page16]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state






74HC595; 74HCT595









		SYMBOL

		

		

		

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		WAVEFORMS

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		th

		

		hold time DS to SH_CP

		see Fig.9

		2.0

		3

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		4.5

		3

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		3

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		



		trem

		

		removal time

		

		to SH_CP

		see Fig.10

		2.0

		65

		−

		−

		ns

		



		

		

		

		MR

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		4.5

		13

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		11

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		



		fmax

		

		maximum clock

		see Figs 7 and 8

		2.0

		4.8

		−

		−

		MHz

		



		

		

		pulse frequency

		

		4.5

		24

		−

		−

		MHz

		



		

		

		SH_CP or ST_CP

		

		

		

		

		

		

		



		

		

		

		

		6.0

		28

		−

		−

		MHz

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +125 °C

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL/tPLH

		

		propagation delay

		see Fig.7

		2.0

		−

		−

		240

		ns

		



		

		

		SH_CP to Q7’

		

		4.5

		−

		−

		48

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		41

		ns

		



		

		

		

		

		

		

		

		

		



		

		propagation delay

		see Fig.8

		2.0

		−

		−

		265

		ns

		



		

		ST_CP to Qn

		

		

		

		

		

		

		



		

		

		

		4.5

		−

		−

		53

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		45

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPHL

		

		propagation delay

		see Fig.10

		2.0

		−

		−

		265

		ns

		



		

		

		MR

		to Q7’

		

		4.5

		−

		−

		53

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		45

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPZH/tPZL

		

		3-state output enable time

		see Fig.11

		2.0

		−

		−

		225

		ns

		



		

		

		OE

		to Qn

		

		4.5

		−

		−

		45

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		38

		ns

		



		

		

		

		

		

		

		

		

		

		



		tPHZ/tPLZ

		

		3-state output disable time

		see Fig.11

		2.0

		−

		−

		225

		ns

		



		

		

		OE

		to Qn

		

		4.5

		−

		−

		45

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		−

		−

		38

		ns

		



		

		

		

		

		

		

		

		

		

		



		tW

		

		shift clock pulse width

		see Fig.7

		2.0

		110

		−

		−

		ns

		



		

		

		HIGH or LOW

		

		4.5

		22

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		

		storage clock pulse width

		see Fig.8

		2.0

		110

		−

		−

		ns

		



		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		4.5

		22

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		

		master reset pulse width

		see Fig.10

		2.0

		110

		−

		−

		ns

		



		

		LOW

		

		

		

		

		

		

		



		

		

		

		4.5

		22

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		6.0

		19

		−

		−

		ns
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[bookmark: page17]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state






74HC595; 74HCT595









		SYMBOL

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		



		

		

		WAVEFORMS

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		tsu

		set-up time DS to SH_CP

		see Fig.9

		2.0

		75

		−

		−

		ns

		



		

		

		

		

		

		4.5

		15

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		6.0

		13

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		

		set-up time

		see Fig.8

		2.0

		110

		−

		−

		ns

		



		

		SH_CP to ST_CP

		

		

		

		

		

		

		



		

		

		

		4.5

		22

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		6.0

		19

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		th

		hold time DS to SH_CP

		see Fig.9

		2.0

		3

		−

		−

		ns

		



		

		

		

		

		

		4.5

		3

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		6.0

		3

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		



		trem

		removal time

		

		to SH_CP

		see Fig.10

		2.0

		75

		−

		−

		ns

		



		

		

		MR

		

		

		

		

		

		

		

		



		

		

		

		

		

		4.5

		15

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		6.0

		13

		−

		−

		ns

		



		

		

		

		

		

		

		

		

		



		fmax

		maximum clock

		see Figs 7 and 8

		2.0

		4

		−

		−

		MHz

		



		

		pulse frequency

		

		4.5

		20

		−

		−

		MHz

		



		

		SH_CP or ST_CP

		

		

		

		

		

		

		



		

		

		

		6.0

		24

		−

		−

		MHz
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[bookmark: page18]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state





Family 74HCT

GND = 0 V; tr = tf = 6 ns; CL = 50 pF.






74HC595; 74HCT595







		SYMBOL

		

		

		

		

		

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		WAVEFORMS

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Tamb = 25 °C

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL/tPLH

		

		propagation delay

		see Fig.7

		4.5

		−

		25

		42

		ns

		



		

		

		SH_CP to Q7’

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		propagation delay

		see Fig.8

		4.5

		−

		24

		40

		ns

		



		

		

		ST_CP to Qn

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL

		

		propagation delay

		see Fig.10

		4.5

		−

		23

		40

		ns

		



		

		

		MR

		to Q7’

		

		

		

		

		

		

		



		tPZH/tPZL

		

		3-state output enable time

		see Fig.11

		4.5

		−

		21

		35

		ns

		



		

		

		OE

		

		to Qn

		

		

		

		

		

		

		



		tPHZ/tPLZ

		

		3-state output disable time

		see Fig.11

		4.5

		−

		18

		30

		ns

		



		

		

		OE

		

		to Qn

		

		

		

		

		

		

		



		tW

		

		shift clock pulse width

		see Fig.7

		4.5

		16

		6

		−

		ns

		



		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		storage clock pulse width

		see Fig.8

		4.5

		16

		5

		−

		ns

		



		

		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		master reset pulse width

		see Fig.10

		4.5

		20

		8

		−

		ns

		



		

		

		

		LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		tsu

		

		

		set-up time DS to SH_CP

		see Fig.9

		4.5

		16

		5

		−

		ns

		



		

		

		

		set-up time

		see Fig.8

		4.5

		16

		8

		−

		ns

		



		

		

		

		SH_CP to ST_CP

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		th

		

		

		hold time DS to SH_CP

		see Fig.9

		4.5

		+3

		−2

		−

		ns

		



		trem

		

		

		removal time

		see Fig.10

		4.5

		+10

		−7

		−

		ns

		



		

		

		

		MR

		to SH_CP

		

		

		

		

		

		

		



		fmax

		

		maximum clock

		see Figs 7 and 8

		4.5

		30

		52

		−

		MHz

		



		

		

		pulse frequency

		

		

		

		

		

		

		



		

		

		SH_CP or ST_CP

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +85 °C

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL/tPLH

		

		propagation delay

		see Fig.7

		4.5

		−

		−

		53

		ns

		



		

		

		SH_CP to Q7’

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		propagation delay

		see Fig.8

		4.5

		−

		−

		50

		ns

		



		

		ST_CP to Qn

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL

		

		propagation delay

		see Fig.10

		4.5

		−

		−

		50

		ns

		



		

		

		MR

		to Q7’

		

		

		

		

		

		

		



		tPZH/tPZL

		

		3-state output enable time

		see Fig.11

		4.5

		−

		−

		44

		ns

		



		

		

		OE

		to Qn

		

		

		

		

		

		

		



		tPHZ/tPLZ

		

		3-state output disable time

		see Fig.11

		4.5

		−

		−

		38

		ns

		



		

		

		OE

		to Qn
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74HC595; 74HCT595









		SYMBOL

		

		

		

		PARAMETER

		TEST CONDITIONS

		MIN.

		TYP.

		MAX.

		UNIT

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		WAVEFORMS

		VCC (V)

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tW

		

		shift clock pulse width

		see Fig.7

		4.5

		20

		−

		−

		ns

		



		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		storage clock pulse width

		see Fig.8

		4.5

		20

		−

		−

		ns

		



		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		master reset pulse width

		see Fig.10

		4.5

		25

		−

		−

		ns

		



		

		

		LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tsu

		

		set-up time DS to SH_CP

		see Fig.9

		4.5

		20

		−

		−

		ns

		



		

		

		set-up time

		see Fig.8

		4.5

		20

		−

		−

		ns

		



		

		

		SH_CP to ST_CP

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		th

		

		hold time DS to SH_CP

		see Fig.9

		4.5

		3

		−

		−

		ns

		



		trem

		

		removal time

		see Fig.10

		4.5

		13

		−

		−

		ns

		



		

		

		MR

		to SH_CP

		

		

		

		

		

		

		



		fmax

		

		maximum clock

		see Figs 7 and 8

		4.5

		24

		−

		−

		MHz

		



		

		

		pulse frequency

		

		

		

		

		

		

		



		

		

		SH_CP or ST_CP

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		Tamb = −40 to +125 °C

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL/tPLH

		

		propagation delay

		see Fig.7

		4.5

		−

		−

		63

		ns

		



		

		

		SH_CP to Q7’

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		propagation delay

		see Fig.8

		4.5

		−

		−

		60

		ns

		



		

		ST_CP to Qn

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tPHL

		

		propagation delay

		see Fig.10

		4.5

		−

		−

		60

		ns

		



		

		

		MR

		to Q7’

		

		

		

		

		

		

		



		tPZH/tPZL

		

		3-state output enable time

		see Fig.11

		4.5

		−

		−

		53

		ns

		



		

		

		OE

		to Qn

		

		

		

		

		

		

		



		tPHZ/tPLZ

		

		3-state output disable time

		see Fig.11

		4.5

		−

		−

		45

		ns

		



		

		

		OE

		to Qn

		

		

		

		

		

		

		



		tW

		

		shift clock pulse width

		see Fig.7

		4.5

		24

		−

		−

		ns

		



		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		storage clock pulse width

		see Fig.8

		4.5

		24

		−

		−

		ns

		



		

		

		HIGH or LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		master reset pulse width

		see Fig.10

		4.5

		30

		−

		−

		ns

		



		

		

		LOW

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		tsu

		

		set-up time DS to SH_CP

		see Fig.9

		4.5

		24

		−

		−

		ns

		



		

		

		set-up time

		see Fig.8

		4.5

		24

		−

		−

		ns

		



		

		

		SH_CP to ST_CP

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		th

		

		hold time DS to SH_CP

		see Fig.9

		4.5

		3

		−

		−

		ns

		



		trem

		

		removal time

		see Fig.10

		4.5

		15

		−

		−

		ns

		



		

		

		MR

		to SH_CP

		

		

		

		

		

		

		



		fmax

		

		maximum clock

		see Figs 7 and 8

		4.5

		20

		−

		−

		MHz

		



		

		

		pulse frequency

		

		

		

		

		

		

		



		

		

		SH_CP or ST_CP
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8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state





AC WAVEFORMS






74HC595; 74HCT595











		

		1/fmax

		

		



		SH_CP input

		VM

		

		



		

		tW

		

		



		

		tPLH

		tPHL

		



		

		

		90%

		



		Q7' output

		

		VM

		



		

		

		10%

		



		

		tTLH

		tTHL

		MSA699





[image: ]





74HC595: VM = 50%; VI = GND to VCC.

74HCT595: VM = 1.3 V; VI = GND to 3 V.



Fig.7	Waveforms showing the clock (SH_CP) to output (Q7’) propagation delays, the shift clock pulse width and maximum shift clock frequency.
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SH_CP input











ST_CP input













Qn output









74HC595: VM = 50%; VI = GND to VCC.

74HCT595: VM = 1.3 V; VI = GND to 3 V.


















VM



tsu  [image: ][image: ] 1/fmax



VM



tW

[image: ] tPLH[image: ][image: ] tPHL[image: ]



VM



MSA700







Fig.8	Waveforms showing the storage clock (ST_CP) to output (Qn) propagation delays, the storage clock pulse width and the shift clock to storage clock set-up time.
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handbook, full pagewidth

SH_CP input	VM




74HC595; 74HCT595







		tsu

		tsu



		th

		th







		DS input

		

		VM

		



		

		

		

		













Q7' output	VM



MLB196



74HC595: VM = 50%; VI = GND to VCC.

74HCT595: VM = 1.3 V; VI = GND to 3 V.



The shaded areas indicate when the input is permitted to change for predictable output performance.



Fig.9 Waveforms showing the data set-up and hold times for the DS input.
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		VM

		



		Q7' output
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MLB197







74HC595: VM = 50%; VI = GND to VCC.

74HCT595: VM = 1.3 V; VI = GND to 3 V.



Fig.10	Waveforms showing the Master Reset (MR) pulse width, the master reset to output (Q7’) propagation delay and the master reset to shift clock (SH_CP) removal time.









2003 Jun 25	20



[bookmark: page22]Philips Semiconductors	Product specification





8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state






74HC595; 74HCT595















handbook, full pagewidth





OE input







Qn output



LOW-to-OFF



OFF-to-LOW





Qn output



HIGH-to-OFF



OFF-to-HIGH














		tr

		tf



		90%
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		VM



		

		10%

		



		tPHZ

		

		tPZH



		

		90%

		



		

		

		VM



		outputs

		outputs

		outputs



		enabled

		disabled

		enabled



		

		

		MSA697











74HC595: VM = 50%; VI = GND to VCC.

74HCT595: VM = 1.3 V; VI = GND to 3 V.



Fig.11 Waveforms showing the 3-state enable and disable times for input OE.





















		handbook, full pagewidth

		VCC

		VCC

		



		VI

		VO

		RL = 1 kΩ

		



		PULSE

		D.U.T

		

		



		GENERATOR

		

		

		



		

		

		

		



		RT

		CL

		50 pF

		



		

		

		MGK563
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TEST	SWITCH



tPLH/tPHL	open

tPLZ/tPZL	VCC

tPHZ/tPZH	GND




















Definitions for test circuit:

RL = Load resistor.

CL = Load capacitance including jig and probe capacitance.

RT = Termination resistance should be equal to the output impedance Zo of the pulse generator.







Fig.12 Test circuit for 3-state outputs.
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PACKAGE OUTLINES




74HC595; 74HCT595







		DIP16: plastic dual in-line package; 16 leads (300 mil)

		SOT38-4

























		seating plane
























		

		D

		

		ME

		



		

		

		A2

		A

		



		L

		

		A1

		

		



		

		e

		

		c

		



		Z

		

		w M

		

		



		

		

		b1

		

		



		

		b

		b2

		(e1)

		



		

		

		

		MH

		



		

		16

		9
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pin 1 index



E









1	8











0	5	10 mm





scale







DIMENSIONS (inch dimensions are derived from the original mm dimensions)



		UNIT

		A

		A 1

		A 2

		b

		b

		1

		b

		2

		c

		D

		(1)

		E

		(1)

		e

		e

		1

		L

		M

		E

		M

		H

		w

		Z (1)

		



		

		max.

		min.

		max.

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		max.

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		mm

		4.2

		0.51

		3.2

		1.73

		0.53

		1.25

		0.36

		19.50

		6.48

		2.54

		7.62

		3.60

		8.25

		10.0

		0.254

		0.76

		



		

		

		

		

		1.30

		0.38

		0.85

		0.23

		18.55

		6.20

		

		

		3.05

		7.80

		8.3

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		inches

		0.17

		0.02

		0.13

		0.068

		0.021

		0.049

		0.014

		0.77

		0.26

		0.1

		0.3

		0.14

		0.32

		0.39

		0.01

		0.03

		



		

		

		

		

		0.051

		0.015

		0.033

		0.009

		0.73

		0.24

		

		

		0.12

		0.31

		0.33

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		







Note



1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included.



		OUTLINE

		

		REFERENCES

		

		EUROPEAN

		ISSUE DATE

		



		VERSION

		IEC

		JEDEC

		JEITA

		

		

		PROJECTION

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		SOT38-4

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		95-01-14

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		03-02-13
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register with output latches; 3-state






74HC595; 74HCT595











		SO16: plastic small outline package; 16 leads; body width 3.9 mm

		SOT109-1





[image: ]



















		D

		

		E

		A

		

		



		

		

		

		

		X

		



		

		c

		

		

		

		



		y

		

		HE

		

		v M  A

		



		

		

		

		

		

		



		Z

		

		

		

		

		



		16

		9

		

		

		

		



		

		

		Q

		

		

		



		

		

		A2

		(A3)

		A

		



		

		

		A1

		

		

		



		pin 1 index

		

		

		

		

		



		

		

		

		

		θ

		



		

		

		L p

		

		

		



		1

		8

		L

		

		

		



		

		

		

		

		

		



		e

		w M

		detail X

		

		

		





b p









		

		

		

		

		

		

		

		0

		

		2.5

		

		5 mm

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		scale

		

		

		

		

		

		

		

		

		

		

		

		



		DIMENSIONS (inch dimensions are derived from the original mm dimensions)

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		UNIT

		A

		A1

		A2

		A3

		bp

		c

		D (1)

		E (1)

		

		e

		HE

		

		L

		Lp

		Q

		v

		w

		y

		Z (1)

		θ

		

		



		

		max.

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		mm

		1.75

		0.25

		1.45

		0.25

		0.49

		0.25

		10.0

		4.0

		1.27

		6.2

		1.05

		1.0

		0.7

		0.25

		0.25

		0.1

		0.7

		

		

		



		

		

		0.10

		1.25

		

		0.36

		0.19

		9.8

		3.8

		

		5.8

		

		0.4

		0.6

		

		

		

		0.3

		8

		o

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		0o

		



		inches

		0.069

		0.010

		0.057

		0.01

		0.019

		0.0100

		0.39

		0.16

		0.05

		0.244

		0.041

		0.039

		0.028

		0.01

		0.01

		0.004

		0.028

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		0.004

		0.049

		

		0.014

		0.0075

		0.38

		0.15

		

		0.228

		

		0.016

		0.020

		

		

		

		0.012

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		









Note



1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.



		OUTLINE

		

		REFERENCES

		

		EUROPEAN

		ISSUE DATE

		



		VERSION

		IEC

		JEDEC

		JEITA

		

		

		PROJECTION

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		SOT109-1

		076E07

		MS-012

		

		

		

		

		

		

		

		

		

		

		

		

		99-12-27

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		03-02-19
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register with output latches; 3-state






74HC595; 74HCT595











		SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm

		SOT338-1
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		Q

		

		



		A2

		(A3)

		A

		



		A1

		

		

		





pin 1 index

θ



L p

L





		1

		8

		detail X







w M

e	bp









		

		

		

		

		

		

		

		0

		

		2.5

		

		5 mm

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		scale

		

		

		

		

		

		

		

		

		

		

		



		DIMENSIONS (mm are the original dimensions)

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		UNIT

		A

		A1

		A2

		A3

		bp

		c

		D (1)

		E (1)

		

		e

		HE

		

		L

		Lp

		Q

		v

		w

		y

		Z (1)

		θ

		



		

		max.

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		mm

		2

		0.21

		1.80

		0.25

		0.38

		0.20

		6.4

		5.4

		0.65

		7.9

		1.25

		1.03

		0.9

		0.2

		0.13

		0.1

		1.00

		8o

		



		

		

		0.05

		1.65

		

		0.25

		0.09

		6.0

		5.2

		

		7.6

		

		0.63

		0.7

		

		

		

		0.55

		0o

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		









Note



1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.



		OUTLINE

		

		REFERENCES

		

		EUROPEAN

		ISSUE DATE

		



		VERSION

		IEC

		JEDEC

		JEITA

		

		

		PROJECTION

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		SOT338-1

		

		MO-150

		

		

		

		

		

		

		

		

		

		

		

		

		99-12-27

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		03-02-19
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74HC595; 74HCT595











		TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm

		SOT403-1
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		Z

		

		

		

		



		16

		9

		

		

		



		

		

		

		Q

		



		

		A

		2

		(A3)

		



		

		

		

		A

		



		pin 1 index

		

		A1

		

		



		

		

		

		θ

		



		

		

		

		L p

		



		

		

		L

		

		



		1

		8

		

		

		



		

		w M

		detail X

		

		



		

		

		

		

		



		e

		bp

		

		

		



















		

		

		

		

		

		

		

		

		0

		

		2.5

		

		5 mm

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		scale

		

		

		

		

		

		

		

		

		

		

		



		DIMENSIONS (mm are the original dimensions)

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		UNIT

		A

		A1

		A2

		A3

		bp

		

		c

		D (1)

		E (2)

		

		e

		HE

		

		L

		Lp

		Q

		v

		w

		y

		Z (1)

		θ

		



		

		max.

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		mm

		1.1

		0.15

		0.95

		0.25

		0.30

		

		0.2

		5.1

		4.5

		0.65

		6.6

		1

		0.75

		0.4

		0.2

		0.13

		0.1

		0.40

		8o

		



		

		

		0.05

		0.80

		

		0.19

		

		0.1

		4.9

		4.3

		

		6.2

		

		0.50

		0.3

		

		

		

		0.06

		0o

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		









Notes



1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.



2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.



		OUTLINE

		

		REFERENCES

		

		EUROPEAN

		ISSUE DATE

		



		VERSION

		IEC

		JEDEC

		JEITA

		

		

		PROJECTION
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74HC595; 74HCT595









		DHVQFN16: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;

		SOT763-1

		



		16 terminals; body 2.5 x 3.5 x 0.85 mm
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		scale

		

		

		

		

		

		



		DIMENSIONS (mm are the original dimensions)

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		UNIT

		A(1)

		A1

		b

		c

		D(1)

		Dh

		E(1)

		Eh

		e

		e1

		L

		v

		w

		y

		y1

		



		

		max.

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		mm

		1

		0.05

		0.30

		0.2

		3.6

		2.15

		2.6

		1.15

		0.5

		2.5

		0.5

		0.1

		0.05

		0.05

		0.1
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		3.4

		1.85

		2.4

		0.85

		

		

		0.3

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		







Note



1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
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8-bit serial-in, serial or parallel-out shift





register with output latches; 3-state





DATA SHEET STATUS






74HC595; 74HCT595







		LEVEL

		DATA SHEET

		PRODUCT

		DEFINITION

		



		

		STATUS(1)

		STATUS(2)(3)

		

		



		

		

		

		

		



		I

		Objective data

		Development

		This data sheet contains data from the objective specification for product

		



		

		

		

		development. Philips Semiconductors reserves the right to change the

		



		

		

		

		specification in any manner without notice.

		



		

		

		

		

		



		II

		Preliminary data

		Qualification

		This data sheet contains data from the preliminary specification.

		



		

		

		

		Supplementary data will be published at a later date. Philips

		



		

		

		

		Semiconductors reserves the right to change the specification without

		



		

		

		

		notice, in order to improve the design and supply the best possible

		



		

		

		

		product.

		



		

		

		

		

		



		III

		Product data

		Production

		This data sheet contains data from the product specification. Philips

		



		

		

		

		Semiconductors reserves the right to make changes at any time in order

		



		

		

		

		to improve the design, manufacturing and supply. Relevant changes will

		



		

		

		

		be communicated via a Customer Product/Process Change Notification

		



		

		

		

		(CPCN).

		



		

		

		

		

		



		Notes

		

		

		

		







1. Please consult the most recently issued data sheet before initiating or completing a design.



2. The product status of the device(s) described in this data sheet may have changed since this data sheet was published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.



3. For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.





DEFINITIONS



Short-form specification The data in a short-form specification is extracted from a full data sheet with the same type number and title. For detailed information see the relevant data sheet or data handbook.



Limiting values definition Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 60134). Stress above one or more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or at any other conditions above those given in the Characteristics sections of the specification is not implied. Exposure to limiting values for extended periods may affect device reliability.



Application information Applications that are described herein for any of these products are for illustrative purposes only. Philips Semiconductors make no representation or warranty that such applications will be suitable for the specified use without further testing or modification.






DISCLAIMERS



Life support applications These products are not designed for use in life support appliances, devices, or systems where malfunction of these products can reasonably be expected to result in personal injury. Philips Semiconductors customers using or selling these products for use in such applications do so at their own risk and agree to fully indemnify Philips Semiconductors for any damages resulting from such application.



Right to make changes Philips Semiconductors reserves the right to make changes in the products - including circuits, standard cells, and/or software - described or contained herein in order to improve design and/or performance. When the product is in full production (status ‘Production’), relevant changes will be communicated via a Customer Product/Process Change Notification (CPCN). Philips Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no licence or title under any patent, copyright, or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask work right infringement, unless otherwise specified.
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Contact information



For additional information please visit http://www.semiconductors.philips.com.	Fax: +31 40 27 24825



For sales offices addresses send e-mail to: sales.addresses@www.semiconductors.philips.com.
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1	GENERAL DESCRIPTION



SSD1306 is a single-chip CMOS OLED/PLED driver with controller for organic / polymer light emitting diode dot-matrix graphic display system. It consists of 128 segments and 64 commons. This IC is designed for Common Cathode type OLED panel.



The SSD1306 embeds with contrast control, display RAM and oscillator, which reduces the number of external components and power consumption. It has 256-step brightness control. Data/Commands are sent from general MCU through the hardware selectable 6800/8000 series compatible Parallel Interface, I2C interface or Serial Peripheral Interface. It is suitable for many compact portable applications, such as mobile phone sub-display, MP3 player and calculator, etc.





2 FEATURES



· Resolution: 128 x 64 dot matrix panel

· Power supply

		o  VDD = 1.65V to 3.3V, < VBAT

		for IC logic



		o

		VBAT = 3.3V to 4.2V

		for charge pump regulator circuit



		o

		VCC = 7V to 15V

		for Panel driving





· For matrix display

o Segment maximum source current: 100uA



o Common maximum sink current: 15mA



o 256 step contrast brightness current control



· Embedded 128 x 64 bit SRAM display buffer

· Pin selectable MCU Interfaces:

o 8-bit 6800/8080-series parallel interface



o 3 /4 wire Serial Peripheral Interface o I2C Interface



· Screen saving continuous scrolling function in both horizontal and vertical direction



· Internal charge pump regulator

· RAM write synchronization signal

· Programmable Frame Rate and Multiplexing Ratio

· Row Re-mapping and Column Re-mapping

· On-Chip Oscillator

· Chip layout for COG & COF

· Wide range of operating temperature: -40°C to 85°C





3	ORDERING INFORMATION



Table 3-1: Ordering Information



		Ordering Part Number

		SEG

		COM

		Package Form

		Reference

		Remark



		

		

		

		

		

		



		

		

		

		

		

		o  Min SEG pad pitch : 47um



		SSD1306Z

		128

		64

		COG

		9

		o  Min COM pad pitch : 40um



		

		

		

		

		

		o  Die thickness: 300 +/- 25um



		

		

		

		

		

		o  35mm film, 4 sprocket hole, Folding TAB



		

		

		

		

		

		o  8-bit 80 / 8-bit 68 / SPI / I2C interface



		SSD1306TR1

		104

		48

		TAB

		12, 60

		o  SEG, COM lead pitch 0.1mm x 0.997



		

		

		

		

		

		=0.0997mm



		

		

		

		

		

		o  Die thickness: 457 +/- 25um
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4	BLOCK DIAGRAM





		

		

		

		Figure 4-1 SSD1306 Block Diagram
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5	DIE PAD FLOOR PLAN
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Figure 5-1 : SSD1306Z Die Drawing





		Die Size (after

		

		6.76mm +/- 0.05mm x

		

		



		sawing)

		

		0.86mm +/- 0.05mm

		

		



		Die thickness

		

		300 +/- 15um

		

		



		

		

		

		

		

		

		

		



		Min I/O pad pitch

		

		

		60um

		

		



		

		

		

		

		

		

		

		



		Min SEG pad pitch

		

		

		47um

		

		



		

		

		

		

		

		

		

		



		Min COM pad pitch

		

		

		40um

		

		



		

		

		

		

		

		

		

		



		Bump height

		

		Nominal 15um

		

		



		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		Bump size

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		Pad 1, 106, 124, 256

		

		

		

		80um x 50um

		

		



		

		

		

		

		

		



		Pad 2-18, 89-105, 107-123, 257-273

		

		25ium x 80um

		

		



		

		

		

		

		

		

		

		



		Pad 19-88

		

		

		

		40um x 89um

		

		



		

		

		

		

		

		

		

		



		Pad 125-255

		

		

		

		31um x 59um

		

		



		

		

		

		

		

		



		Pad 274-281 (TR pads)

		

		30um x 50um

		

		



		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		Alignment

		

		Position

		

		Size

		



		mark

		

		

		

		

		



		

		

		

		

		

		

		

		



		+ shape

		

		(-2973, 0)

		

		75um x 75um

		



		

		

		

		

		

		



		+ shape

		

		(2973, 0)

		

		75um x 75um

		



		

		

		

		

		

		



		Circle

		

		(2466.665, 7.575)

		

		R37.5um, inner 18um

		



		

		

		

		

		

		

		



		SSL Logo

		

		(-2862.35, 144.82)

		

		-

		

		



		

		

		

		

		

		

		

		





(For details dimension please see p.9 )



Note

(1) Diagram showing the Gold bumps face up.



(2) Coordinates are referenced to center of the chip.



(3) Coordinate units and size of all alignment marks are in um.



(4) All alignment keys do not contain gold
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Figure 5-2 : SSD1306Z alignment mark dimensions
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*All units are in um
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[bookmark: page12]Table 5-1 : SSD1306Z Bump Die Pad Coordinates



		Pad no.

		Pad Name

		X-pos

		Y-pos

		

		Pad no.

		Pad Name

		X-pos

		Y-pos

		

		Pad no.

		Pad Name

		X-pos

		Y-pos

		

		Pad no.

		Pad Name

		X-pos

		Y-pos



		1

		NC

		-3315

		-377.5

		

		81

		VCOMH

		1875.585

		-352.83

		

		161

		SEG35

		1364.5

		356

		

		241

		SEG114

		-2398.5

		356



		2

		VSS

		-3084.77

		-362.5

		

		82

		VCC

		1967.185

		-352.83

		

		162

		SEG36

		1317.5

		356

		

		242

		SEG115

		-2445.5

		356



		3

		COM49

		-3044.77

		-362.5

		

		83

		VCC

		2027.185

		-352.83

		

		163

		SEG37

		1270.5

		356

		

		243

		SEG116

		-2492.5

		356



		4

		COM50

		-3004.77

		-362.5

		

		84

		VLSS

		2109.185

		-352.83

		

		164

		SEG38

		1223.5

		356

		

		244

		SEG117

		-2539.5

		356



		5

		COM51

		-2964.77

		-362.5

		

		85

		VLSS

		2169.185

		-352.83

		

		165

		SEG39

		1176.5

		356

		

		245

		SEG118

		-2586.5

		356



		6

		COM52

		-2924.77

		-362.5

		

		86

		VLSS

		2254.185

		-352.83

		

		166

		SEG40

		1129.5

		356

		

		246

		SEG119

		-2633.5

		356



		7

		COM53

		-2884.77

		-362.5

		

		87

		NC

		2314.185

		-352.83

		

		167

		SEG41

		1082.5

		356

		

		247

		SEG120

		-2680.5

		356



		8

		COM54

		-2844.77

		-362.5

		

		88

		NC

		2374.185

		-352.83

		

		168

		SEG42

		1035.5

		356

		

		248

		SEG121

		-2727.5

		356



		9

		COM55

		-2804.77

		-362.5

		

		89

		VSS

		2444.77

		-362.5

		

		169

		SEG43

		988.5

		356

		

		249

		SEG122

		-2774.5

		356



		10

		COM56

		-2764.77

		-362.5

		

		90

		COM31

		2484.77

		-362.5

		

		170

		SEG44

		941.5

		356

		

		250

		SEG123

		-2821.5

		356



		11

		COM57

		-2724.77

		-362.5

		

		91

		COM30

		2524.77

		-362.5

		

		171

		SEG45

		894.5

		356

		

		251

		SEG124

		-2868.5

		356



		12

		COM58

		-2684.77

		-362.5

		

		92

		COM29

		2564.77

		-362.5

		

		172

		SEG46

		847.5

		356

		

		252

		SEG125

		-2915.5

		356



		13

		COM59

		-2644.77

		-362.5

		

		93

		COM28

		2604.77

		-362.5

		

		173

		SEG47

		800.5

		356

		

		253

		SEG126

		-2962.5

		356



		14

		COM60

		-2604.77

		-362.5

		

		94

		COM27

		2644.77

		-362.5

		

		174

		SEG48

		753.5

		356

		

		254

		SEG127

		-3009.5

		356



		15

		COM61

		-2564.77

		-362.5

		

		95

		COM26

		2684.77

		-362.5

		

		175

		SEG49

		706.5

		356

		

		255

		NC

		-3056.5

		356



		16

		COM62

		-2524.77

		-362.5

		

		96

		COM25

		2724.77

		-362.5

		

		176

		SEG50

		659.5

		356

		

		256

		NC

		-3315

		367.5



		17

		COM63

		-2484.77

		-362.5

		

		97

		COM24

		2764.77

		-362.5

		

		177

		SEG51

		612.5

		356

		

		257

		COM32

		-3315

		315



		18

		VCOMH

		-2444.77

		-362.5

		

		98

		COM23

		2804.77

		-362.5

		

		178

		SEG52

		565.5

		356

		

		258

		COM33

		-3315

		275



		19

		NC

		-2334.965

		-352.83

		

		99

		COM22

		2844.77

		-362.5

		

		179

		SEG53

		518.5

		356

		

		259

		COM34

		-3315

		235



		20

		C2P

		-2278.265

		-352.83

		

		100

		COM21

		2884.77

		-362.5

		

		180

		SEG54

		471.5

		356

		

		260

		COM35

		-3315

		195



		21

		C2P

		-2218.265

		-352.83

		

		101

		COM20

		2924.77

		-362.5

		

		181

		SEG55

		424.5

		356

		

		261

		COM36

		-3315

		155



		22

		C2N

		-2136.715

		-352.83

		

		102

		COM19

		2964.77

		-362.5

		

		182

		SEG56

		377.5

		356

		

		262

		COM37

		-3315

		115



		23

		C2N

		-2055.465

		-352.83

		

		103

		COM18

		3004.77

		-362.5

		

		183

		SEG57

		330.5

		356

		

		263

		COM38

		-3315

		75



		24

		C1P

		-1995.465

		-352.83

		

		104

		COM17

		3044.77

		-362.5

		

		184

		SEG58

		283.5

		356

		

		264

		COM39

		-3315

		35



		25

		C1P

		-1904.115

		-352.83

		

		105

		VSS

		3084.77

		-362.5

		

		185

		SEG59

		236.5

		356

		

		265

		COM40

		-3315

		-5



		26

		C1N

		-1844.115

		-352.83

		

		106

		NC

		3315

		-377.5

		

		186

		SEG60

		189.5

		356

		

		266

		COM41

		-3315

		-45



		27

		C1N

		-1762.865

		-352.83

		

		107

		COM16

		3315

		-325

		

		187

		SEG61

		142.5

		356

		

		267

		COM42

		-3315

		-85



		28

		VBAT

		-1679.31

		-352.83

		

		108

		COM15

		3315

		-285

		

		188

		SEG62

		95.5

		356

		

		268

		COM43

		-3315

		-125



		29

		VBAT

		-1619.31

		-352.83

		

		109

		COM14

		3315

		-245

		

		189

		SEG63

		48.5

		356

		

		269

		COM44

		-3315

		-165



		30

		VBREF

		-1537.51

		-352.83

		

		110

		COM13

		3315

		-205

		

		190

		SEG64

		1.5

		356

		

		270

		COM45

		-3315

		-205



		31

		BGGND

		-1477.51

		-352.83

		

		111

		COM12

		3315

		-165

		

		191

		SEG65

		-45.5

		356

		

		271

		COM46

		-3315

		-245



		32

		VCC

		-1416.01

		-352.83

		

		112

		COM11

		3315

		-125

		

		192

		SEG66

		-92.5

		356

		

		272

		COM47

		-3315

		-285



		33

		VCC

		-1356.01

		-352.83

		

		113

		COM10

		3315

		-85

		

		193

		SEG67

		-139.5

		356

		

		273

		COM48

		-3315

		-325



		34

		VCOMH

		-1266.955

		-352.83

		

		114

		COM9

		3315

		-45

		

		194

		SEG68

		-186.5

		356

		

		

		

		

		



		35

		VCOMH

		-1206.955

		-352.83

		

		115

		COM8

		3315

		-5

		

		195

		SEG69

		-233.5

		356

		

		Pad no.

		Pad Name

		X-pos

		Y-pos



		36

		VLSS

		-1125.155

		-352.83

		

		116

		COM7

		3315

		35

		

		196

		SEG70

		-280.5

		356

		

		Pin#

		Pin name

		X-dir

		Y-dir



		37

		VLSS

		-1043.355

		-352.83

		

		117

		COM6

		3315

		75

		

		197

		SEG71

		-327.5

		356

		

		274

		TR0

		2757.05

		114.8



		38

		VLSS

		-983.355

		-352.83

		

		118

		COM5

		3315

		115

		

		198

		SEG72

		-374.5

		356

		

		275

		TR1

		2697.05

		114.8



		39

		VSS

		-920

		-352.83

		

		119

		COM4

		3315

		155

		

		199

		SEG73

		-421.5

		356

		

		276

		TR2

		2637.05

		114.8



		40

		VSS

		-856

		-352.83

		

		120

		COM3

		3315

		195

		

		200

		SEG74

		-468.5

		356

		

		277

		TR3

		2577.05

		114.8



		41

		VSS

		-796

		-352.83

		

		121

		COM2

		3315

		235

		

		201

		SEG75

		-515.5

		356

		

		278

		VSS

		2517.05

		114.8



		42

		VDD

		-732.645

		-352.83

		

		122

		COM1

		3315

		275

		

		202

		SEG76

		-562.5

		356

		

		279

		TR4

		2457.05

		114.8



		43

		VDD

		-672.645

		-352.83

		

		123

		COM0

		3315

		315

		

		203

		SEG77

		-609.5

		356

		

		280

		TR5

		2397.05

		114.8



		44

		BS0

		-595.655

		-352.83

		

		124

		NC

		3315

		367.5

		

		204

		SEG78

		-656.5

		356

		

		281

		TR6

		2337.05

		114.8



		45

		VSS

		-531.955

		-352.83

		

		125

		NC

		3055.5

		356

		

		205

		SEG79

		-703.5

		356

		

		

		

		

		



		46

		BS1

		-467.655

		-352.83

		

		126

		SEG0

		3009.5

		356

		

		206

		SEG80

		-750.5

		356

		

		

		

		

		



		47

		VDD

		-403.155

		-352.83

		

		127

		SEG1

		2962.5

		356

		

		207

		SEG81

		-797.5

		356

		

		

		

		

		



		48

		VDD

		-342.555

		-352.83

		

		128

		SEG2

		2915.5

		356

		

		208

		SEG82

		-844.5

		356

		

		

		

		

		



		49

		BS2

		-279.705

		-352.83

		

		129

		SEG3

		2868.5

		356

		

		209

		SEG83

		-891.5

		356

		

		

		

		

		



		50

		VSS

		-215.705

		-352.83

		

		130

		SEG4

		2821.5

		356

		

		210

		NC

		-940

		356

		

		

		

		

		



		51

		FR

		-151.955

		-352.83

		

		131

		SEG5

		2774.5

		356

		

		211

		SEG84

		-988.5

		356

		

		

		

		

		



		52

		CL

		-89.815

		-352.83

		

		132

		SEG6

		2727.5

		356

		

		212

		SEG85

		-1035.5

		356

		

		

		

		

		



		53

		VSS

		-25.665

		-352.83

		

		133

		SEG7

		2680.5

		356

		

		213

		SEG86

		-1082.5

		356

		

		

		

		

		



		54

		CS#

		38.635

		-352.83

		

		134

		SEG8

		2633.5

		356

		

		214

		SEG87

		-1129.5

		356

		

		

		

		

		



		55

		RES#

		109.835

		-352.83

		

		135

		SEG9

		2586.5

		356

		

		215

		SEG88

		-1176.5

		356

		

		

		

		

		



		56

		D/C#

		182.425

		-352.83

		

		136

		SEG10

		2539.5

		356

		

		216

		SEG89

		-1223.5

		356

		

		

		

		

		



		57

		VSS

		246.125

		-352.83

		

		137

		SEG11

		2492.5

		356

		

		217

		SEG90

		-1270.5

		356

		

		

		

		

		



		58

		R/W#

		310.425

		-352.83

		

		138

		SEG12

		2445.5

		356

		

		218

		SEG91

		-1317.5

		356

		

		

		

		

		



		59

		E

		373.125

		-352.83

		

		139

		SEG13

		2398.5

		356

		

		219

		SEG92

		-1364.5

		356

		

		

		

		

		



		60

		VDD

		457.175

		-352.83

		

		140

		SEG14

		2351.5

		356

		

		220

		SEG93

		-1411.5

		356

		

		

		

		

		



		61

		VDD

		517.175

		-352.83

		

		141

		SEG15

		2304.5

		356

		

		221

		SEG94

		-1458.5

		356

		

		

		

		

		



		62

		D0

		609.275

		-352.83

		

		142

		SEG16

		2257.5

		356

		

		222

		SEG95

		-1505.5

		356

		

		

		

		

		



		63

		D1

		692.475

		-352.83

		

		143

		SEG17

		2210.5

		356

		

		223

		SEG96

		-1552.5

		356

		

		

		

		

		



		64

		D2

		765.675

		-352.83

		

		144

		SEG18

		2163.5

		356

		

		224

		SEG97

		-1599.5

		356

		

		

		

		

		



		65

		D3

		828.875

		-352.83

		

		145

		SEG19

		2116.5

		356

		

		225

		SEG98

		-1646.5

		356

		

		

		

		

		



		66

		VSS

		890.325

		-352.83

		

		146

		SEG20

		2069.5

		356

		

		226

		SEG99

		-1693.5

		356

		

		

		

		

		



		67

		D4

		951.275

		-352.83

		

		147

		SEG21

		2022.5

		356

		

		227

		SEG100

		-1740.5

		356

		

		

		

		

		



		68

		D5

		1013.315

		-352.83

		

		148

		SEG22

		1975.5

		356

		

		228

		SEG101

		-1787.5

		356

		

		

		

		

		



		69

		D6

		1075.355

		-352.83

		

		149

		SEG23

		1928.5

		356

		

		229

		SEG102

		-1834.5

		356

		

		

		

		

		



		70

		D7

		1137.395

		-352.83

		

		150

		SEG24

		1881.5

		356

		

		230

		SEG103

		-1881.5

		356

		

		

		

		

		



		71

		VSS

		1220.735

		-352.83

		

		151

		SEG25

		1834.5

		356

		

		231

		SEG104

		-1928.5

		356

		

		

		

		

		



		72

		VSS

		1280.735

		-352.83

		

		152

		SEG26

		1787.5

		356

		

		232

		SEG105

		-1975.5

		356

		

		

		

		

		



		73

		CLS

		1362.585

		-352.83

		

		153

		SEG27

		1740.5

		356

		

		233

		SEG106

		-2022.5

		356

		

		

		

		

		



		74

		VDD

		1425.285

		-352.83

		

		154

		SEG28

		1693.5

		356

		

		234

		SEG107

		-2069.5

		356

		

		

		

		

		



		75

		VDD

		1485.885

		-352.83

		

		155

		SEG29

		1646.5

		356

		

		235

		SEG108

		-2116.5

		356

		

		

		

		

		



		76

		VDD

		1553.185

		-352.83

		

		156

		SEG30

		1599.5

		356

		

		236

		SEG109

		-2163.5

		356

		

		

		

		

		



		77

		VDD

		1613.185

		-352.83

		

		157

		SEG31

		1552.5

		356

		

		237

		SEG110

		-2210.5

		356

		

		

		

		

		



		78

		IREF

		1684.585

		-352.83

		

		158

		SEG32

		1505.5

		356

		

		238

		SEG111

		-2257.5

		356

		

		

		

		

		



		79

		IREF

		1744.585

		-352.83

		

		159

		SEG33

		1458.5

		356

		

		239

		SEG112

		-2304.5

		356

		

		

		

		

		



		80

		VCOMH

		1815.585

		-352.83

		

		160

		SEG34

		1411.5

		356

		

		240

		SEG113

		-2351.5

		356
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[bookmark: page13]6	PIN ARRANGEMENT



6.1	SSD1306TR1 pin assignment







Figure 6-1 : SSD1306TR1 Pin Assignment
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Note:

(1) COM sequence (Split) is under command setting: DAh, 12h
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[bookmark: page14]Table 6-1 : SSD1306TR1 Pin Assignment Table



		Pin no.

		Pin Name

		

		Pin no.

		Pin Name

		

		Pin no.

		Pin Name



		

		

		

		

		

		

		

		



		1

		NC

		

		81

		SEG90

		

		161

		SEG10



		2

		VCC

		

		82

		SEG89

		

		162

		SEG9



		3

		VCOMH

		

		83

		SEG88

		

		163

		SEG8



		4

		IREF

		

		84

		SEG87

		

		164

		SEG7



		5

		D7

		

		85

		SEG86

		

		165

		SEG6



		6

		D6

		

		86

		SEG85

		

		166

		SEG5



		7

		D5

		

		87

		SEG84

		

		167

		SEG4



		8

		D4

		

		88

		SEG83

		

		168

		SEG3



		9

		D3

		

		89

		SEG82

		

		169

		SEG2



		10

		D2

		

		90

		SEG81

		

		170

		SEG1



		11

		D1

		

		91

		SEG80

		

		171

		SEG0



		12

		D0

		

		92

		SEG79

		

		172

		NC



		13

		E/RD#

		

		93

		SEG78

		

		173

		NC



		14

		R/W#

		

		94

		SEG77

		

		174

		NC



		15

		D/C#

		

		95

		SEG76

		

		175

		NC



		16

		RES#

		

		96

		SEG75

		

		176

		NC



		17

		CS#

		

		97

		SEG74

		

		177

		NC



		18

		NC

		

		98

		SEG73

		

		178

		NC



		19

		BS2

		

		99

		SEG72

		

		179

		NC



		20

		BS1

		

		100

		SEG71

		

		180

		NC



		21

		VDD

		

		101

		SEG70

		

		181

		NC



		22

		NC

		

		102

		SEG69

		

		182

		COM0



		23

		NC

		

		103

		SEG68

		

		183

		COM2



		24

		NC

		

		104

		SEG67

		

		184

		COM4



		25

		NC

		

		105

		SEG66

		

		185

		COM6



		26

		NC

		

		106

		SEG65

		

		186

		COM8



		27

		NC

		

		107

		SEG64

		

		187

		COM10



		28

		NC

		

		108

		SEG63

		

		188

		COM12



		29

		NC

		

		109

		SEG62

		

		189

		COM14



		30

		VSS

		

		110

		SEG61

		

		190

		COM16



		31

		NC

		

		111

		SEG60

		

		191

		COM18



		32

		NC

		

		112

		SEG59

		

		192

		COM20



		33

		NC

		

		113

		SEG58

		

		193

		COM22



		34

		COM47

		

		114

		SEG57

		

		194

		COM24



		35

		COM45

		

		115

		SEG56

		

		195

		COM26



		36

		COM43

		

		116

		SEG55

		

		196

		COM28



		37

		COM41

		

		117

		SEG54

		

		197

		COM30



		38

		COM39

		

		118

		SEG53

		

		198

		COM32



		39

		COM37

		

		119

		SEG52

		

		199

		COM34



		40

		COM35

		

		120

		SEG51

		

		200

		COM36



		41

		COM33

		

		121

		SEG50

		

		201

		COM38



		42

		COM31

		

		122

		SEG49

		

		202

		COM40



		43

		COM29

		

		123

		SEG48

		

		203

		COM42



		44

		COM27

		

		124

		SEG47

		

		204

		COM44



		45

		COM25

		

		125

		SEG46

		

		205

		COM46



		46

		COM23

		

		126

		SEG45

		

		206

		NC



		47

		COM21

		

		127

		SEG44

		

		207

		NC



		

		

		

		

		

		

		

		



		48

		COM19

		

		128

		SEG43

		

		

		



		49

		COM17

		

		129

		SEG42

		

		

		



		50

		COM15

		

		130

		SEG41

		

		

		



		51

		COM13

		

		131

		SEG40

		

		

		



		52

		COM11

		

		132

		SEG39

		

		

		



		53

		COM9

		

		133

		SEG38

		

		

		



		54

		COM7

		

		134

		SEG37

		

		

		



		55

		COM5

		

		135

		SEG36

		

		

		



		56

		COM3

		

		136

		SEG35

		

		

		



		57

		COM1

		

		137

		SEG34

		

		

		



		58

		NC

		

		138

		SEG33

		

		

		



		59

		NC

		

		139

		SEG32

		

		

		



		60

		NC

		

		140

		SEG31

		

		

		



		61

		NC

		

		141

		SEG30

		

		

		



		62

		NC

		

		142

		SEG29

		

		

		



		63

		NC

		

		143

		SEG28

		

		

		



		64

		NC

		

		144

		SEG27

		

		

		



		65

		NC

		

		145

		SEG26

		

		

		



		66

		NC

		

		146

		SEG25

		

		

		



		67

		NC

		

		147

		SEG24

		

		

		



		68

		SEG103

		

		148

		SEG23

		

		

		



		69

		SEG102

		

		149

		SEG22

		

		

		



		70

		SEG101

		

		150

		SEG21

		

		

		



		71

		SEG100

		

		151

		SEG20

		

		

		



		72

		SEG99

		

		152

		SEG19

		

		

		



		73

		SEG98

		

		153

		SEG18

		

		

		



		74

		SEG97

		

		154

		SEG17

		

		

		



		75

		SEG96

		

		155

		SEG16

		

		

		



		76

		SEG95

		

		156

		SEG15

		

		

		



		77

		SEG94

		

		157

		SEG14

		

		

		



		78

		SEG93

		

		158

		SEG13

		

		

		



		79

		SEG92

		

		159

		SEG12

		

		

		



		80

		SEG91

		

		160

		SEG11
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		7   PIN DESCRIPTION

		



		Key:

		



		

		I = Input

		NC = Not Connected



		

		O =Output

		Pull LOW= connect to Ground



		

		I/O = Bi-directional (input/output)

		Pull HIGH= connect to VDD



		

		P = Power pin

		







		

		

		

		

		

		Figure 7-1 Pin Description

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		Pin Name

		Type

		

		Description

		

		

		

		

		

		

		

		



		

		VDD

		P

		Power supply pin for core logic operation.

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		VCC

		P

		

		Power supply for panel driving voltage. This is also the most positive power voltage supply pin.



		

		

		

		

		When charge pump is enabled, a capacitor should be connected between this pin and VSS.



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		VSS

		P

		This is a ground pin.

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		VLSS

		P

		This is an analog ground pin. It should be connected to VSS externally.



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		VCOMH

		O

		The pin for COM signal deselected voltage level.

		

		

		

		

		

		



		

		

		

		

		A capacitor should be connected between this pin and VSS.



		

		

		

		

		

		

		

		

		

		



		

		VBAT

		P

		Power supply for charge pump regulator circuit.

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		Status

		VBAT

		VDD

		

		VCC

		



		

		

		

		

		Enable

		Connect to external

		Connect to external

		

		A capacitor should be

		



		

		

		

		

		charge pump

		VBAT source

		VDD source

		

		connected between this pin

		



		

		

		

		

		

		

		

		

		and VSS

		



		

		

		

		

		Disable

		Keep float

		Connect to external

		

		Connect to external VCC

		



		

		

		

		

		charge pump

		

		VDD source

		

		source

		



		

		BGGND

		P

		

		Reserved pin. It should be connected to ground.

		

		

		

		

		

		



		

		

		

		



		

		C1P/C1N

		I

		C1P/C1N – Pin for charge pump capacitor; Connect to each other with a capacitor.



		

		C2P/C2N

		

		

		C2P/C2N – Pin for charge pump capacitor; Connect to each other with a capacitor.



		

		

		

		

		

		

		

		

		

		

		



		

		VBREF

		P

		

		Reserved pin. It should be kept NC.

		

		

		

		

		

		



		

		

		

		



		

		BS[2:0]

		I

		MCU bus interface selection pins. Please refer to Table 7-1 for the details of setting.



		

		

		

		

		

		

		

		

		

		



		

		IREF

		I

		This is segment output current reference pin.

		

		

		

		

		

		



		

		

		

		

		A resistor should be connected between this pin and VSS to maintain the IREF current at 12.5 uA.



		

		

		

		

		Please refer to Figure 8-15 for the details of resistor value.



		

		

		

		

		

		



		

		FR

		O

		

		This pin outputs RAM write synchronization signal.

		Proper timing between MCU data writing



		

		

		

		

		and frame display timing can be achieved to prevent tearing effect.



		

		

		

		

		It should be kept NC if it is not used. Please refer to Section 8.4 for details usage.



		

		

		

		

		

		

		

		

		

		

		



		

		CL

		I

		This is external clock input pin.

		

		

		

		

		

		

		



		

		

		

		

		When internal clock is enabled (i.e. HIGH in CLS pin), this pin is not used and should be



		

		

		

		

		connected to VSS. When internal clock is disabled (i.e. LOW in CLS pin), this pin is the external



		

		

		

		

		clock source input pin.

		

		

		

		

		

		

		



		

		

		

		



		

		CLS

		I

		This is internal clock enable pin. When it is pulled HIGH (i.e. connect to VDD), internal clock is



		

		

		

		

		enabled. When it is pulled LOW, the internal clock is disabled; an external clock source must be



		

		

		

		

		connected to the CL pin for normal operation.
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		Pin Name

		

		Type

		

		Description

		

		

		

		

		

		



		RES#

		

		

		

		This pin is reset signal input. When the pin is pulled LOW, initialization of the chip is executed.

		



		

		

		

		I

		

		Keep this pin HIGH (i.e. connect to VDD) during normal operation.

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		CS#

		

		I

		

		This pin is the chip select input. (active LOW).

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		D/C#

		

		I

		

		This is Data/Command control pin. When it is pulled HIGH (i.e. connect to VDD), the data at

		



		

		

		

		

		

		D[7:0] is treated as data. When it is pulled LOW, the data at D[7:0] will be transferred to the

		



		

		

		

		

		

		command register.

		

		

		

		

		



		

		

		

		

		

		In I2C mode, this pin acts as SA0 for slave address selection.

		

		

		



		

		

		

		

		

		When 3-wire serial interface is selected, this pin must be connected to VSS.

		



		

		

		

		

		

		For detail relationship to MCU interface signals, please refer to the Timing Characteristics

		



		

		

		

		

		

		Diagrams: Figure 13-1 to Figure 13-5.

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		E (RD#)

		

		I

		

		When interfacing to a 6800-series microprocessor, this pin will be used as the Enable (E) signal.

		



		

		

		

		

		

		Read/write operation is initiated when this pin is pulled HIGH (i.e. connect to VDD) and the chip

		



		

		

		

		

		

		is selected.

		

		

		

		

		

		



		

		

		

		

		

		When connecting to an 8080-series microprocessor, this pin receives the Read (RD#) signal. Read

		



		

		

		

		

		

		operation is initiated when this pin is pulled LOW and the chip is selected.

		



		

		

		

		

		

		When serial or I2C interface is selected, this pin must be connected to VSS.

		



		

		

		

		

		

		

		

		

		

		

		

		



		R/W#(WR#)

		

		I

		

		This is read / write control input pin connecting to the MCU interface.

		

		

		



		

		

		

		

		

		When interfacing to a 6800-series microprocessor, this pin will be used as Read/Write (R/W#)

		



		

		

		

		

		

		selection input. Read mode will be carried out when this pin is pulled HIGH (i.e. connect to VDD)

		



		

		

		

		

		

		and write mode when LOW.

		

		

		

		

		



		

		

		

		

		

		When 8080 interface mode is selected, this pin will be the Write (WR#) input. Data write

		



		

		

		

		

		

		operation is initiated when this pin is pulled LOW and the chip is selected.

		



		

		

		

		

		

		When serial or I2C interface is selected, this pin must be connected to VSS.

		



		

		

		

		

		

		

		

		

		

		

		

		



		D[7:0]

		

		IO

		

		These are 8-bit bi-directional data bus to be connected to the microprocessor’s data bus. When

		



		

		

		

		

		

		serial interface mode is selected, D0 will be the serial clock input: SCLK; D1 will be the serial

		



		

		

		

		

		

		data input: SDIN and D2 should be kept NC.

		

		

		

		



		

		

		

		

		

		When I2C mode is selected, D2, D1 should be tied together and serve as SDAout, SDAin in

		



		

		

		

		

		

		application and D0 is the serial clock input, SCL.

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		TR0-TR6

		

		-

		

		Testing reserved pins. It should be kept NC.

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		SEG0 ~

		

		O

		

		These pins provide Segment switch signals to OLED panel. These pins are VSS state when display

		



		SEG127

		

		

		

		is OFF.

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		COM0 ~

		

		O

		

		These pins provide Common switch signals to OLED panel. They are in high impedance state

		



		COM63

		

		

		

		when display is OFF.

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		NC

		

		-

		

		This is dummy pin. Do not group or short NC pins together.

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		Table 7-1 : MCU Bus Interface Pin Selection

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		SSD1306

		

		I2C

		

		6800-parallel

		8080-parallel

		4-wire Serial

		3-wire Serial

		

		



		

		Pin Name

		

		Interface

		

		interface (8 bit)

		interface(8 bit)

		interface

		interface

		

		



		

		BS0

		

		

		0

		

		0

		0

		0

		1

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		BS1

		

		

		1

		

		0

		1

		0

		0

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		BS2

		

		

		0

		

		1

		1

		0

		0

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		







Note

(1) 0 is connected to VSS



(2) 1 is connected to VDD
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8	FUNCTIONAL BLOCK DESCRIPTIONS



8.1	MCU Interface selection



SSD1306 MCU interface consist of 8 data pins and 5 control pins. The pin assignment at different interface mode is summarized in Table 8-1. Different MCU mode can be set by hardware selection on BS[2:0] pins (please refer to Table 7-1 for BS[2:0] setting).



Table 8-1 : MCU interface assignment under different bus interface mode

[image: ]



		Pin Name Data/Command Interface

		

		

		

		

		Control Signal

		

		

		



		Bus

		

		

		

		

		

		

		

		

		

		

		

		

		



		Interface

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		E

		R/W#

		CS#

		D/C#

		RES#



		8-bit 8080

		

		

		

		

		D[7:0]

		

		

		

		RD#

		WR#

		CS#

		D/C#

		RES#



		8-bit 6800

		

		

		

		

		D[7:0]

		

		

		

		E

		R/W#

		CS#

		D/C#

		RES#



		3-wire SPI

		Tie LOW

		

		

		

		NC

		SDIN

		SCLK

		Tie LOW

		CS#

		Tie LOW RES#



		4-wire SPI

		Tie LOW

		

		

		

		NC

		SDIN

		SCLK

		Tie LOW

		CS#

		D/C#

		RES#



		I2C

		Tie LOW

		

		

		

		SDAOUT  SDAIN  SCL

		Tie LOW

		

		SA0

		RES#











8.1.1	MCU Parallel 6800-series Interface



The parallel interface consists of 8 bi-directional data pins (D[7:0]), R/W#, D/C#, E and CS#.



A LOW in R/W# indicates WRITE operation and HIGH in R/W# indicates READ operation.

A LOW in D/C# indicates COMMAND read/write and HIGH in D/C# indicates DATA read/write.

The E input serves as data latch signal while CS# is LOW. Data is latched at the falling edge of E signal.



Table 8-2 : Control pins of 6800 interface



		Function

		E

		R/W#

		CS#

		D/C#



		

		

		

		

		



		Write command

		↓

		L

		L

		L



		

		

		

		

		



		Read status

		↓

		H

		L

		L



		

		

		

		

		



		Write data

		↓

		L

		L

		H



		

		

		

		

		



		Read data

		↓

		H

		L

		H



		

		

		

		

		







Note

(1) ↓ stands for falling edge of signal H stands for HIGH in signal



L stands for LOW in signal



In order to match the operating frequency of display RAM with that of the microprocessor, some pipeline processing is internally performed which requires the insertion of a dummy read before the first actual display data read. This is shown in Figure 8-1.
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R/W#

[image: ]









E









		Databus

		N

		

		n

		n+1

		n+2

		



		

		Write column

		Dummy read

		Read 1st  data

		Read 2nd  data

		Read 3rd  data

		



		

		address

		

		

		

		

		



		

		

		

		

		

		

		









8.1.2	MCU Parallel 8080-series Interface



The parallel interface consists of 8 bi-directional data pins (D[7:0]), RD#, WR#, D/C# and CS#.



A LOW in D/C# indicates COMMAND read/write and HIGH in D/C# indicates DATA read/write.

A rising edge of RD# input serves as a data READ latch signal while CS# is kept LOW.



A rising edge of WR# input serves as a data/command WRITE latch signal while CS# is kept LOW.



Figure 8-2 : Example of Write procedure in 8080 parallel interface mode

[image: ]



CS#



WR#



D[7:0]





D/C#



high

RD#



low





Figure 8-3 : Example of Read procedure in 8080 parallel interface mode
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CS#



RD#



D[7:0]





D/C#



high

WR#



low
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		Function

		RD#

		WR#

		CS#

		D/C#



		

		

		Write command

		H

		↑

		L

		L



		

		

		Read status

		↑

		H

		L

		L



		

		

		Write data

		H

		↑

		L

		H



		

		

		Read data

		↑

		H

		L

		H



		Note

		

		

		

		



		(1)

		↑ stands for rising edge of signal

		

		

		

		



		(2)

		H stands for HIGH in signal

		

		

		

		



		(3)

		L stands for LOW in signal

		

		

		

		







In order to match the operating frequency of display RAM with that of the microprocessor, some pipeline processing is internally performed which requires the insertion of a dummy read before the first actual display data read. This is shown in Figure 8-4.



Figure 8-4 : Display data read back procedure - insertion of dummy read







WR#











RD#

[image: ]









		Databus

		N

		

		n

		n+1

		n+2

		



		

		Write column

		Dummy read

		Read 1st  data

		Read 2nd  data

		Read 3rd data

		



		

		address

		

		

		

		

		



		

		

		

		

		

		

		













8.1.3	MCU Serial Interface (4-wire SPI)



The 4-wire serial interface consists of serial clock: SCLK, serial data: SDIN, D/C#, CS#. In 4-wire SPI mode, D0 acts as SCLK, D1 acts as SDIN. For the unused data pins, D2 should be left open. The pins from D3 to D7, E and R/W# (WR#)# can be connected to an external ground.



Table 8-4 : Control pins of 4-wire Serial interface



		Function

		E(RD#)

		R/W#(WR#)

		CS#

		D/C#

		D0



		

		

		

		

		

		



		Write command

		Tie LOW

		Tie LOW

		L

		L

		↑



		Write data

		Tie LOW

		Tie LOW

		L

		H

		↑







Note

(1) H stands for HIGH in signal



(2) L stands for LOW in signal



SDIN is shifted into an 8-bit shift register on every rising edge of SCLK in the order of D7, D6, ... D0. D/C# is sampled on every eighth clock and the data byte in the shift register is written to the Graphic Display Data RAM (GDDRAM) or command register in the same clock.



Under serial mode, only write operations are allowed.







Solomon Systech	Jul 2009	P 18/63	Rev 1.2	SSD1306
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		CS#

		

		

		

		

		

		

		

		

		



		D/C#

		

		

		

		

		

		

		

		

		



		SDIN/

		DB1

		

		DB2

		

		DBn

		

		

		

		



		SCLK

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		SCLK

		

		

		

		

		

		

		

		

		



		(D0)

		

		

		

		

		

		

		

		

		



		SDIN(D1)

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		













8.1.4	MCU Serial Interface (3-wire SPI)



The 3-wire serial interface consists of serial clock SCLK, serial data SDIN and CS#.

In 3-wire SPI mode, D0 acts as SCLK, D1 acts as SDIN. For the unused data pins, D2 should be left open.



The pins from D3 to D7, R/W# (WR#)#, E and D/C# can be connected to an external ground.



The operation is similar to 4-wire serial interface while D/C# pin is not used. There are altogether 9-bits will be shifted into the shift register on every ninth clock in sequence: D/C# bit, D7 to D0 bit. The D/C# bit (first bit of the sequential data) will determine the following data byte in the shift register is written to the Display Data RAM (D/C# bit = 1) or the command register (D/C# bit = 0). Under serial mode, only write operations are allowed.



		

		Table 8-5 : Control pins of 3-wire Serial interface



		

		

		

		

		

		

		



		Function

		E(RD#)

		R/W#(WR#)

		CS#

		D/C#

		D0

		



		

		

		

		

		

		

		



		Write command

		Tie LOW

		Tie LOW

		L

		Tie LOW

		↑

		Note



		Write data

		Tie LOW

		Tie LOW

		L

		Tie LOW

		↑

		(1) L stands for LOW in signal











Figure 8-6 : Write procedure in 3-wire Serial interface mode
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		CS#

		

		

		

		

		

		

		

		

		

		



		SDIN/

		DB1

		

		DB2

		

		DBn

		

		

		

		

		



		SCLK

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		SCLK

		

		

		

		

		

		

		

		

		

		



		(D0)

		

		

		

		

		

		

		

		

		

		



		SDIN(D1)

		D/C#

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0
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8.1.5	MCU I2C Interface



The I2C communication interface consists of slave address bit SA0, I2C-bus data signal SDA (SDAOUT/D2 for output and SDAIN/D1 for input) and I2C-bus clock signal SCL (D0). Both the data and clock signals must be connected to pull-up resistors. RES# is used for the initialization of device.



a) Slave address bit (SA0)



SSD1306 has to recognize the slave address before transmitting or receiving any information by the I2C-bus. The device will respond to the slave address following by the slave address bit (“SA0” bit) and the read/write select bit (“R/W#” bit) with the following byte format,

b7 b6 b5 b4 b3 b2 b1	b0

011 11 0SA0R/W#



“SA0” bit provides an extension bit for the slave address. Either “0111100” or “0111101”, can be selected as the slave address of SSD1306. D/C# pin acts as SA0 for slave address selection. “R/W#” bit is used to determine the operation mode of the I2C-bus interface. R/W#=1, it is in read mode. R/W#=0, it is in write mode.

b) I2C-bus data signal (SDA)



SDA acts as a communication channel between the transmitter and the receiver. The data and the acknowledgement are sent through the SDA.



It should be noticed that the ITO track resistance and the pulled-up resistance at “SDA” pin becomes a voltage potential divider. As a result, the acknowledgement would not be possible to attain a valid

logic 0 level in “SDA”.

“SDAIN” and “SDAOUT” are tied together and serve as SDA. The “SDAIN” pin must be connected to act as SDA. The “SDAOUT” pin may be disconnected. When “SDAOUT” pin is disconnected, the acknowledgement signal will be ignored in the I2C-bus.



c) I2C-bus clock signal (SCL)

The transmission of information in the I2C-bus is following a clock signal, SCL. Each transmission of data bit is taken place during a single clock period of SCL.
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The I2C-bus interface gives access to write data and command into the device. Please refer to Figure 8-7 for the write mode of I2C-bus in chronological order.



Figure 8-7 : I2C-bus data format





		

		

		

		Note:

		Co – Continuation bit

		



		

		

		

		

		D/C# – Data / Command Selection bit

		



		

		

		

		

		

		



		

		

		

		

		ACK – Acknowledgement

		



		

		

		

		

		

		



		

		

		

		

		SA0 – Slave address bit

		



		

		

		

		

		R/W# – Read / Write Selection bit

		



		

		S – Start Condition / P – Stop Condition

		



		Write mode
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8.1.5.2	Write mode for I2C



1) The master device initiates the data communication by a start condition. The definition of the start condition is shown in Figure 8-8. The start condition is established by pulling the SDA from HIGH to LOW while the SCL stays HIGH.



2) The slave address is following the start condition for recognition use. For the SSD1306, the slave address is either “b0111100” or “b0111101” by changing the SA0 to LOW or HIGH (D/C pin acts as SA0).



3) The write mode is established by setting the R/W# bit to logic “0”.



4) An acknowledgement signal will be generated after receiving one byte of data, including the slave address and the R/W# bit. Please refer to the Figure 8-9 for the graphical representation of the acknowledge signal. The acknowledge bit is defined as the SDA line is pulled down during the HIGH period of the acknowledgement related clock pulse.



5) After the transmission of the slave address, either the control byte or the data byte may be sent across the SDA. A control byte mainly consists of Co and D/C# bits following by six “0” ‘s.



a. If the Co bit is set as logic “0”, the transmission of the following information will contain data bytes only.



b. The D/C# bit determines the next data byte is acted as a command or a data. If the D/C# bit is set to logic “0”, it defines the following data byte as a command. If the D/C# bit is set to logic “1”, it defines the following data byte as a data which will be stored at the GDDRAM. The GDDRAM column address pointer will be increased by one automatically after each data write.



6) Acknowledge bit will be generated after receiving each control byte or data byte.



7) The write mode will be finished when a stop condition is applied. The stop condition is also defined in Figure 8-8. The stop condition is established by pulling the “SDA in” from LOW to HIGH while the “SCL” stays HIGH.
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[bookmark: page23]Figure 8-8 : Definition of the Start and Stop Condition
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Figure 8-9 : Definition of the acknowledgement condition
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Please be noted that the transmission of the data bit has some limitations.



1. The data bit, which is transmitted during each SCL pulse, must keep at a stable state within the “HIGH” period of the clock pulse. Please refer to the Figure 8-10 for graphical representations. Except in start or stop conditions, the data line can be switched only when the SCL is LOW.



2. Both the data line (SDA) and the clock line (SCL) should be pulled up by external resistors.





Figure 8-10 : Definition of the data transfer condition
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[bookmark: page24]8.2	Command Decoder



This module determines whether the input data is interpreted as data or command. Data is interpreted based upon the input of the D/C# pin.



If D/C# pin is HIGH, D[7:0] is interpreted as display data written to Graphic Display Data RAM (GDDRAM). If it is LOW, the input at D[7:0] is interpreted as a command. Then data input will be decoded and written to the corresponding command register.





8.3	Oscillator Circuit and Display Time Generator



Figure 8-11 : Oscillator Circuit and Display Time Generator
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This module is an on-chip LOW power RC oscillator circuitry. The operation clock (CLK) can be generated either from internal oscillator or external source CL pin. This selection is done by CLS pin. If CLS pin is pulled HIGH, internal oscillator is chosen and CL should be connected to VSS. Pulling CLS pin LOW disables internal oscillator and external clock must be connected to CL pins for proper operation. When the internal oscillator is selected, its output frequency Fosc can be changed by command D5h A[7:4].



The display clock (DCLK) for the Display Timing Generator is derived from CLK. The division factor “D” can be programmed from 1 to 16 by command D5h

DCLK = FOSC / D



The frame frequency of display is determined by the following formula.

		FFRM

		=

		Fosc

		



		

		

		D × K × No. of Mux

		



		

		

		

		





where



· D stands for clock divide ratio. It is set by command D5h A[3:0]. The divide ratio has the range from 1 to 16.



· K is the number of display clocks per row. The value is derived by



K = Phase 1 period + Phase 2 period + BANK0 pulse width = 2 + 2 + 50 = 54 at power on reset

(Please refer to Section 8.6 “Segment Drivers / Common Drivers” for the details of the “Phase”)



· Number of multiplex ratio is set by command A8h. The power on reset value is 63 (i.e. 64MUX).



· FOSC is the oscillator frequency. It can be changed by command D5h A[7:4]. The higher the register setting results in higher frequency.
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8.4	FR synchronization



FR synchronization signal can be used to prevent tearing effect.
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The starting time to write a new image to OLED driver is depended on the MCU writing speed. If MCU can finish writing a frame image within one frame period, it is classified as fast write MCU. For MCU needs longer writing time to complete (more than one frame but within two frames), it is a slow write one.



For fast write MCU: MCU should start to write new frame of ram data just after rising edge of FR pulse and should be finished well before the rising edge of the next FR pulse.



For slow write MCU: MCU should start to write new frame ram data after the falling edge of the 1st FR pulse and must be finished before the rising edge of the 3rd FR pulse.





8.5	Reset Circuit



When RES# input is LOW, the chip is initialized with the following status:

1. Display is OFF

2. 128 x 64 Display Mode



3. Normal segment and display data column address and row address mapping (SEG0 mapped to address 00h and COM0 mapped to address 00h)

4. Shift register data clear in serial interface



5. Display start line is set at display RAM address 0

6. Column address counter is set at 0

7. Normal scan direction of the COM outputs



8. Contrast control register is set at 7Fh

9. Normal display mode (Equivalent to A4h command)
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[bookmark: page26]8.6	Segment Drivers / Common Drivers



Segment drivers deliver 128 current sources to drive the OLED panel. The driving current can be adjusted from 0 to 100uA with 256 steps. Common drivers generate voltage-scanning pulses.



The segment driving waveform is divided into three phases:



1. In phase 1, the OLED pixel charges of previous image are discharged in order to prepare for next image content display.



2. In phase 2, the OLED pixel is driven to the targeted voltage. The pixel is driven to attain the corresponding voltage level from VSS. The period of phase 2 can be programmed in length from 1 to 15 DCLKs. If the capacitance value of the pixel of OLED panel is larger, a longer period is required to charge up the capacitor to reach the desired voltage.



3. In phase 3, the OLED driver switches to use current source to drive the OLED pixels and this is the current drive stage.



Figure 8-12 : Segment Output Waveform in three phases
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After finishing phase 3, the driver IC will go back to phase 1 to display the next row image data. This three-step cycle is run continuously to refresh image display on OLED panel.





In phase 3, if the length of current drive pulse width is set to 50, after finishing 50 DCLKs in current drive phase, the driver IC will go back to phase 1 for next row display.
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The GDDRAM is a bit mapped static RAM holding the bit pattern to be displayed. The size of the RAM is 128 x 64 bits and the RAM is divided into eight pages, from PAGE0 to PAGE7, which are used for monochrome 128x64 dot matrix display, as shown in Figure 8-13.













PAGE0 (COM0-COM7)



PAGE1 (COM8-COM15)



PAGE2 (COM16-COM23)



PAGE3 (COM24-COM31)



PAGE4 (COM32-COM39)



PAGE5 (COM40-COM47)



PAGE6 (COM48–COM55)



PAGE7 (COM56-COM63)





Column re-mapping






Figure 8-13 : GDDRAM pages structure of SSD1306



		

		

		

		Row re-mapping

		



		

		

		

		PAGE0 (COM 63-COM56)

		



		

		Page 0

		

		

		



		

		

		

		

		



		

		Page 1

		

		PAGE1 (COM 55-COM48)

		



		

		

		

		

		



		

		Page 2

		

		PAGE2 (COM47-COM40)

		



		

		

		

		

		



		

		Page 3

		

		PAGE3 (COM39-COM32)

		



		

		

		

		

		



		

		Page 4

		

		PAGE4 (COM31-COM24)

		



		

		

		

		

		



		

		Page 5

		

		PAGE5 (COM23-COM16)

		



		

		

		

		

		



		

		Page 6

		

		PAGE6 (COM15-COM8)

		



		

		

		

		

		



		

		Page 7

		

		PAGE7 (COM 7-COM0)

		



		

		

		

		

		



		SEG0 ---------------------------------------------

		SEG127

		



		SEG127 ---------------------------------------------

		SEG0

		













When one data byte is written into GDDRAM, all the rows image data of the same page of the current column are filled (i.e. the whole column (8 bits) pointed by the column address pointer is filled.). Data bit D0 is written into the top row, while data bit D7 is written into bottom row as shown in Figure 8-14.







Figure 8-14 : Enlargement of GDDRAM (No row re-mapping and column-remapping)





		SEG4 SEG3 SEG2 SEG1 SEG0










....................

[image: ]








		SEG123

		SEG134

		SEG125

		SEG126

		SEG127









		

		LSB D0

		COM16

		



		

		

		COM17

		



		

		

		:

		



		PAGE2

		....................

		:

		



		

		

		:

		



		

		

		:

		



		

		

		:

		



		

		MSB D7

		COM23

		







[image: ] Each box represents one bit of image data





For mechanical flexibility, re-mapping on both Segment and Common outputs can be selected by software as shown in Figure 8-13.



For vertical shifting of the display, an internal register storing the display start line can be set to control the portion of the RAM data to be mapped to the display (command D3h).
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This block is used to derive the incoming power sources into the different levels of internal use voltage and current.

· VCC is the most positive voltage supply.

· VCOMH is the Common deselected level. It is internally regulated.



· VLSS is the ground path of the analog and panel current.



· IREF is a reference current source for segment current drivers ISEG. The relationship between reference current and segment current of a color is:



ISEG = Contrast / 256 x IREF x scale factor



in which



the contrast (0~255) is set by Set Contrast command 81h; and the scale factor is 8 by default.



The magnitude of IREF is controlled by the value of resistor, which is connected between IREF pin and VSS as shown in Figure 8-15. It is recommended to set IREF to 12.5 ± 2uA so as to achieve ISEG = 100uA at maximum contrast 255.



Figure 8-15 : IREF  Current Setting by Resistor Value

















IREF ~ 12.5uA [image: ]

[image: ]



R1








SSD1306





IREF (voltage at

this pin =

VCC – 2.5)









VSS







Since the voltage at IREF pin is VCC – 2.5V, the value of resistor R1 can be found as below:



For IREF = 12.5uA, VCC =12V:



R1 = (Voltage at IREF – VSS) / IREF

· (12 – 2.5) / 12.5uA

· 760KΩ
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8.9	Power ON and OFF sequence



The following figures illustrate the recommended power ON and power OFF sequence of SSD1306



Power ON sequence:

1. Power ON VDD

2. After VDD become stable, set RES# pin LOW (logic low) for at least 3us (t1) (4) and then HIGH (logic high).



3. After set RES# pin LOW (logic low), wait for at least 3us (t2). Then Power ON VCC.(1)

4. After VCC become stable, send command AFh for display ON. SEG/COM will be ON after 100ms (tAF).



Figure 8-16 : The Power ON sequence





ON VDD	RES#	ON VCC	Send AFh command for Display ON

[image: ]



VDD



OFF



t1



RES#



GND

t2



VCC

OFF



tAF

ON

SEG/COM



OFF



Power OFF sequence:



1. Send command AEh for display OFF.

2. Power OFF VCC.(1), (2), (3)

3. Power OFF VDD after tOFF. (5) (Typical tOFF=100ms)



Figure 8-17 : The Power OFF sequence





Send command AEh for display OFF	OFF VCC	OFF VDD

[image: ]



VCC



OFF

tOFF

VDD

OFF



Note:

(1) Since an ESD protection circuit is connected between VDD and VCC, VCC becomes lower than VDD whenever VDD is ON and VCC is OFF as shown in the dotted line of VCC in Figure 8-16 and Figure 8-17.

(2) VCC should be kept float (i.e. disable) when it is OFF.



(3) Power Pins (VDD , VCC) can never be pulled to ground under any circumstance.



(4) The register values are reset after t1.

(5) VDD should not be Power OFF before VCC Power OFF.
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8.10  Charge Pump Regulator



The internal regulator circuit in SSD1306 accompanying only 2 external capacitors can generate a 7.5V voltage supply, VCC, from a low voltage supply input, VBAT. The VCC is the voltage supply to the OLED driver block. This regulator can be turned ON/OFF by software command 8Dh setting.



















































		9

		COMMAND TABLE

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		Table 9-1: Command Table

		



		(D/C#=0, R/W#(WR#) = 0, E(RD#=1) unless specific setting is stated)

		



		1. Fundamental Command Table

		

		

		

		

		

		

		



		D/C#

		Hex

		D7

		D6

		D5

		D4

		D3

		D2

		

		D1

		D0

		Command

		Description



		0

		81

		1

		0

		0

		0

		0

		0

		

		0

		1

		Set Contrast Control

		Double byte command to select 1 out of 256



		0

		A[7:0]

		A7

		A6

		A5

		A4

		A3

		A2

		

		A1

		A0

		

		contrast steps. Contrast increases as the value



		

		

		

		

		

		

		

		

		

		

		

		

		increases.



		

		

		

		

		

		

		

		

		

		

		

		

		(RESET = 7Fh )



		

		

		

		

		

		

		

		

		

		

		

		

		



		0

		A4/A5

		1

		0

		1

		0

		0

		1

		

		0

		X0

		Entire Display ON

		A4h, X0=0b: Resume to RAM content display



		

		

		

		

		

		

		

		

		

		

		

		

		(RESET)



		

		

		

		

		

		

		

		

		

		

		

		

		Output follows RAM content



		

		

		

		

		

		

		

		

		

		

		

		

		A5h, X0=1b: Entire display ON



		

		

		

		

		

		

		

		

		

		

		

		

		Output ignores RAM content



		0

		A6/A7

		1

		0

		1

		0

		0

		1

		

		1

		X0

		Set Normal/Inverse

		A6h, X[0]=0b: Normal display (RESET)



		

		

		

		

		

		

		

		

		

		

		

		Display

		0 in RAM: OFF in display panel



		

		

		

		

		

		

		

		

		

		

		

		

		1 in RAM: ON in display panel



		

		

		

		

		

		

		

		

		

		

		

		

		A7h, X[0]=1b: Inverse display



		

		

		

		

		

		

		

		

		

		

		

		

		0 in RAM: ON in display panel



		

		

		

		

		

		

		

		

		

		

		

		

		1 in RAM: OFF in display panel



		0

		AE

		1

		0

		1

		0

		1

		1

		

		1

		X0

		Set Display ON/OFF

		AEh, X[0]=0b:Display OFF (sleep mode)



		

		AF

		

		

		

		

		

		

		

		

		

		

		(RESET)



		

		

		

		

		

		

		

		

		

		

		

		

		AFh X[0]=1b:Display ON in normal mode
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2. Scrolling Command Table

		D/C#

		Hex

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		Command

		Description

		

		

		

		

		

		

		

		

		

		

		



		0

		

		26/27

		0

		0

		1

		0

		0

		1

		1

		X0

		Continuous

		26h, X[0]=0, Right Horizontal Scroll

		



		0

		

		A[7:0]

		0

		0

		0

		0

		0

		0

		0

		0

		Horizontal Scroll

		27h, X[0]=1, Left Horizontal Scroll

		



		0

		

		B[2:0]

		*

		*

		*

		*

		*

		B2

		B1

		B0

		Setup

		(Horizontal scroll by 1 column)

		



		

		

		

		

		

		

		

		

		

		

		

		

		A[7:0] : Dummy byte (Set as 00h)

		



		0

		

		C[2:0]

		*

		*

		*

		*

		*

		C2

		C1

		C0

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		B[2:0] : Define start page address

		



		0

		

		D[2:0]

		*

		*

		*

		*

		*

		D2

		D1

		D0

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		000b

		– PAGE0

		011b – PAGE3

		110b – PAGE6

		

		



		0

		

		E[7:0]

		0

		0

		0

		0

		0

		0

		0

		0

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		001b

		– PAGE1

		100b – PAGE4

		111b – PAGE7

		

		



		0

		

		F[7:0]

		1

		1

		1

		1

		1

		1

		1

		1

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		010b

		– PAGE2

		101b – PAGE5

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		C[2:0] : Set time interval between each scroll step in

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		terms of

		frame frequency

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		000b – 5 frames

		

		100b – 3 frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		001b – 64 frames

		

		101b – 4 frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		010b – 128 frames

		

		110b – 25 frame

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		011b – 256 frames

		

		111b – 2 frame

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		D[2:0] : Define end page address

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		000b

		– PAGE0

		011b – PAGE3

		110b – PAGE6

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		001b

		– PAGE1

		100b – PAGE4

		111b – PAGE7

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		010b

		– PAGE2

		101b – PAGE5

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		The value of D[2:0] must be larger or equal

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		to B[2:0]

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		E[7:0] : Dummy byte (Set as 00h)

		



		

		

		

		

		

		

		

		

		

		

		

		

		F[7:0] : Dummy byte (Set as FFh)

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		0

		

		29/2A

		0

		0

		1

		0

		1

		0

		X1

		X0

		Continuous

		29h, X1X0=01b : Vertical and Right Horizontal Scroll

		



		0

		

		A[2:0]

		0

		0

		0

		0

		0

		0

		0

		0

		Vertical and

		2Ah, X1X0=10b : Vertical and Left Horizontal Scroll

		



		0

		

		B[2:0]

		*

		*

		*

		*

		*

		B2

		B1

		B0

		Horizontal Scroll

		(Horizontal scroll by 1 column)

		



		0

		

		C[2:0]

		*

		*

		*

		*

		*

		C2

		C1

		C0

		Setup

		A[7:0] : Dummy byte

		

		

		

		

		

		

		



		0

		

		D[2:0]

		*

		*

		*

		*

		*

		D2

		D1

		D0

		

		B[2:0] : Define start page address

		



		0

		

		E[5:0]

		*

		*

		E5

		E4

		E3

		E2

		E1

		E0

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		000b

		– PAGE0

		011b – PAGE3

		110b – PAGE6

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		001b

		– PAGE1

		100b – PAGE4

		111b – PAGE7

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		010b

		– PAGE2

		101b – PAGE5

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		C[2:0] : Set time interval between each scroll step in

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		terms of

		frame frequency

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		000b – 5 frames

		

		100b – 3 frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		001b – 64 frames

		

		101b – 4 frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		010b – 128 frames

		

		110b – 25 frame

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		011b – 256 frames

		

		111b – 2 frame

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		D[2:0] : Define end page address

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		000b

		– PAGE0

		011b – PAGE3

		110b – PAGE6

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		001b

		– PAGE1

		100b – PAGE4

		111b – PAGE7

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		010b

		– PAGE2

		101b – PAGE5

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		The value of D[2:0] must be larger or equal

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		to B[2:0]

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		E[5:0] : Vertical scrolling offset

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		e.g. E[5:0]= 01h refer to offset =1 row

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		E[5:0] =3Fh refer to offset =63 rows

		



		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		(1)  No continuous vertical scrolling is available.

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		Solomon Systech

		

		

		

		

		

		

		Jul 2009

		P 30/63

		

		

		Rev 1.2

		

		SSD1306
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		2. Scrolling Command Table

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		D/C#

		Hex

		D7

		

		D6

		

		D5

		D4

		

		D3

		D2

		

		D1

		

		D0

		

		Command

		Description



		

		0

		

		

		2E

		0

		

		0

		

		1

		0

		

		1

		1

		

		1

		

		0

		

		Deactivate scroll

		Stop scrolling that is configured by command



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		26h/27h/29h/2Ah.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(1)  After sending 2Eh command to deactivate the scrolling



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		action, the ram data needs to be rewritten.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0

		

		

		2F

		0

		

		0

		

		1

		0

		

		1

		1

		

		1

		

		1

		

		Activate scroll

		Start scrolling that is configured by the scrolling setup



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		commands :26h/27h/29h/2Ah with the following valid



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		sequences:



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Valid command sequence 1: 26h ;2Fh.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Valid command sequence 2: 27h ;2Fh.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Valid command sequence 3: 29h ;2Fh.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Valid command sequence 4: 2Ah ;2Fh.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		For example, if “26h; 2Ah; 2Fh.” commands are



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		issued, the setting in the last scrolling setup command,



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		i.e. 2Ah in this case, will be executed. In other words,



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		setting in the last scrolling setup command overwrites



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		the setting in the previous scrolling setup commands.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		0

		

		

		A3

		1

		

		0

		

		1

		0

		

		0

		0

		

		1

		

		1

		

		Set Vertical Scroll

		A[5:0] : Set No. of rows in top fixed area. The No. of



		

		0

		

		

		A[5:0]

		*

		

		*

		

		A5

		

		A4

		

		

		A3

		

		A2

		

		A1

		

		A0

		Area

		

		

		rows in top fixed area is referenced to the



		

		0

		

		

		B[6:0]

		*

		

		B6

		

		B5

		

		B4

		

		

		B3

		

		B2

		

		B1

		

		B0

		

		

		

		top of the GDDRAM (i.e. row 0).[RESET =



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		0]

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		B[6:0] : Set No. of rows in scroll area. This is the



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		number of rows to be used for vertical



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		scrolling. The scroll area starts in the first



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		row below the top fixed area. [RESET = 64]



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(1) A[5:0]+B[6:0] <= MUX ratio



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(2) B[6:0] <= MUX ratio



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(3a) Vertical scrolling offset (E[5:0] in 29h/2Ah) <



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		B[6:0]



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(3b) Set Display Start Line (X5X4X3X2X1X0 of



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		40h~7Fh) < B[6:0]



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(4) The last row of the scroll area shifts to the first row



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		of the scroll area.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(5) For 64d MUX display



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[5:0] = 0, B[6:0]=64 : whole area scrolls



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[5:0]= 0, B[6:0] < 64 : top area scrolls



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[5:0]

		+ B[6:0] < 64 : central area scrolls



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[5:0]

		+ B[6:0] = 64 : bottom area scrolls



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		3. Addressing Setting Command Table

		

		

		

		

		

		

		

		

		

		

		

		

		



		D/C#

		Hex

		D7

		D6

		

		D5

		

		D4

		

		

		D3

		D2

		D1

		D0

		Command

		

		Description

		



		0

		

		00~0F

		

		0

		0

		

		0

		

		0

		

		

		X3

		

		X2

		

		X1

		

		X0

		Set Lower Column

		

		Set the lower nibble of the column start address

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Start Address for

		

		register for Page Addressing Mode using X[3:0]

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Page Addressing

		

		as data bits. The initial display line register is

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Mode

		

		reset to 0000b after RESET.

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(1) This command is only for page addressing mode

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		SSD1306

		

		

		

		Rev 1.2

		

		P 31/63

		Jul 2009

		

		

		

		

		

		

		Solomon Systech
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3. Addressing Setting Command Table



		D/C# Hex

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		Command

		Description



		0

		10~1F

		0

		0

		0

		1

		X3

		X2

		X1

		X0

		Set Higher Column

		Set the higher nibble of the column start address



		

		

		

		

		

		

		

		

		

		

		Start Address for

		register for Page Addressing Mode using X[3:0]



		

		

		

		

		

		

		

		

		

		

		Page Addressing

		as data bits. The initial display line register is



		

		

		

		

		

		

		

		

		

		

		Mode

		reset to 0000b after RESET.







		

		

		

		

		

		

		

		

		

		

		

		Note



		

		

		

		

		

		

		

		

		

		

		

		(1) This command is only for page addressing mode



		0

		20

		0

		0

		1

		0

		0

		0

		0

		0

		Set Memory

		A[1:0] = 00b, Horizontal Addressing Mode



		0

		A[1:0]

		*

		*

		*

		*

		*

		*

		A1

		A0

		Addressing Mode

		A[1:0] = 01b, Vertical Addressing Mode



		

		

		

		

		

		

		

		

		

		

		

		A[1:0] = 10b, Page Addressing Mode (RESET)



		

		

		

		

		

		

		

		

		

		

		

		A[1:0] = 11b, Invalid



		

		

		

		

		

		

		

		

		

		

		

		



		0

		21

		0

		0

		1

		0

		0

		0

		0

		1

		Set Column Address

		Setup column start and end address



		0

		A[6:0]

		*

		A6

		A5

		A4

		A3

		A2

		A1

		A0

		

		A[6:0] : Column start address, range : 0-127d,



		0

		B[6:0]

		*

		B6

		B5

		B4

		B3

		B2

		B1

		B0

		

		(RESET=0d)



		

		

		

		

		

		

		

		

		

		

		

		B[6:0]: Column end address, range : 0-127d,



		

		

		

		

		

		

		

		

		

		

		

		(RESET =127d)



		

		

		

		

		

		

		

		

		

		

		

		Note



		

		

		

		

		

		

		

		

		

		

		

		(1) This command is only for horizontal or vertical



		

		

		

		

		

		

		

		

		

		

		

		addressing mode.



		0

		22

		0

		0

		1

		0

		0

		0

		1

		0

		Set Page Address

		Setup page start and end address



		0

		A[2:0]

		*

		*

		*

		*

		*

		A2

		A1

		A0

		

		A[2:0] : Page start Address, range : 0-7d,



		0

		B[2:0]

		*

		*

		*

		*

		*

		B2

		B1

		B0

		

		(RESET = 0d)



		

		

		

		

		

		

		

		

		

		

		

		B[2:0] : Page end Address, range : 0-7d,



		

		

		

		

		

		

		

		

		

		

		

		(RESET = 7d)



		

		

		

		

		

		

		

		

		

		

		

		Note



		

		

		

		

		

		

		

		

		

		

		

		(1) This command is only for horizontal or vertical



		

		

		

		

		

		

		

		

		

		

		

		addressing mode.



		0

		B0~B7

		1

		0

		1

		1

		0

		X2

		X1

		X0

		Set Page Start

		Set GDDRAM Page Start Address



		

		

		

		

		

		

		

		

		

		

		Address for Page

		(PAGE0~PAGE7) for Page Addressing Mode



		

		

		

		

		

		

		

		

		

		

		Addressing Mode

		using X[2:0].



		

		

		

		

		

		

		

		

		

		

		

		Note



		

		

		

		

		

		

		

		

		

		

		

		(1) This command is only for page addressing mode



















4. Hardware Configuration (Panel resolution & layout related) Command Table

		D/C#

		Hex

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		Command

		Description



		0

		40~7F

		0

		1

		X5

		X4

		X3

		X2

		X1

		X0

		Set Display Start Line

		Set display RAM display start line register from



		

		

		

		

		

		

		

		

		

		

		

		

		0-63 using X5X3X2X1X0.



		

		

		

		

		

		

		

		

		

		

		

		

		Display start line register is reset to 000000b



		

		

		

		

		

		

		

		

		

		

		

		

		during RESET.



		

		

		

		

		

		

		

		

		

		

		

		



		0

		A0/A1

		1

		0

		1

		0

		0

		0

		0

		X0

		Set Segment Re-map

		A0h, X[0]=0b: column address 0 is mapped to



		

		

		

		

		

		

		

		

		

		

		

		

		SEG0 (RESET)



		

		

		

		

		

		

		

		

		

		

		

		

		A1h, X[0]=1b: column address 127 is mapped to



		

		

		

		

		

		

		

		

		

		

		

		

		SEG0



		

		

		

		

		

		

		

		

		

		

		

		



		0

		A8

		1

		0

		1

		0

		1

		0

		0

		0

		Set Multiplex Ratio

		Set MUX ratio to N+1 MUX



		0

		A[5:0]

		*

		*

		A5

		A4

		A3

		A2

		A1

		A0

		

		N=A[5:0] : from 16MUX to 64MUX, RESET=



		

		

		

		

		

		

		

		

		

		

		

		

		

		111111b (i.e. 63d, 64MUX)



		

		

		

		

		

		

		

		

		

		

		

		

		A[5:0] from 0 to 14 are invalid entry.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		Solomon Systech

		

		

		

		

		

		

		Jul 2009

		P 32/63

		Rev 1.2

		SSD1306



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		







4. [bookmark: page34]Hardware Configuration (Panel resolution & layout related) Command Table



		D/C#

		Hex

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		Command

		Description



		0

		C0/C8

		1

		1

		0

		0

		X3

		0

		0

		0

		Set COM Output

		C0h, X[3]=0b: normal mode (RESET) Scan from



		

		

		

		

		

		

		

		

		

		

		Scan Direction

		COM0 to COM[N –1]



		

		

		

		

		

		

		

		

		

		

		

		C8h, X[3]=1b: remapped mode. Scan from



		

		

		

		

		

		

		

		

		

		

		

		COM[N-1] to COM0



		

		

		

		

		

		

		

		

		

		

		

		Where N is the Multiplex ratio.



		

		

		

		

		

		

		

		

		

		

		

		



		0

		D3

		1

		1

		0

		1

		0

		0

		1

		1

		Set Display Offset

		Set vertical shift by COM from 0d~63d



		0

		A[5:0]

		*

		*

		A5

		A4

		A3

		A2

		A1

		A0

		

		The value is reset to 00h after RESET.



		

		

		

		

		

		

		

		

		

		

		

		



		0

		DA

		1

		1

		0

		1

		1

		0

		1

		0

		Set COM Pins

		A[4]=0b, Sequential COM pin configuration



		0

		A[5:4]

		0

		0

		A5

		A4

		0

		0

		1

		0

		Hardware

		A[4]=1b(RESET), Alternative COM pin



		

		

		

		

		

		

		

		

		

		

		Configuration

		configuration



		

		

		

		

		

		

		

		

		

		

		

		A[5]=0b(RESET), Disable COM Left/Right



		

		

		

		

		

		

		

		

		

		

		

		remap



		

		

		

		

		

		

		

		

		

		

		

		A[5]=1b, Enable COM Left/Right remap



























5. Timing & Driving Scheme Setting Command Table

		D/C#

		Hex

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		Command

		Description

		

		

		

		



		0

		D5

		1

		1

		0

		1

		0

		1

		0

		1

		Set Display Clock

		A[3:0] : Define the divide ratio (D) of the

		



		0

		A[7:0]

		A7

		A6

		A5

		A4

		A3

		A2

		A1

		A0

		Divide

		

		display clocks (DCLK):

		



		

		

		

		

		

		

		

		

		

		

		Ratio/Oscillator

		

		Divide ratio= A[3:0] + 1, RESET is

		



		

		

		

		

		

		

		

		

		

		

		Frequency

		

		0000b (divide ratio = 1)

		



		

		

		

		

		

		

		

		

		

		

		

		A[7:4] : Set the Oscillator Frequency, FOSC.

		



		

		

		

		

		

		

		

		

		

		

		

		

		Oscillator Frequency increases with

		



		

		

		

		

		

		

		

		

		

		

		

		

		the value of A[7:4] and vice versa.

		



		

		

		

		

		

		

		

		

		

		

		

		

		RESET is 1000b

		



		

		

		

		

		

		

		

		

		

		

		

		

		Range:0000b~1111b

		



		

		

		

		

		

		

		

		

		

		

		

		

		Frequency increases as setting value

		



		

		

		

		

		

		

		

		

		

		

		

		

		increases.

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		0

		D9

		1

		1

		0

		1

		1

		0

		0

		1

		Set Pre-charge Period

		A[3:0] : Phase 1 period of up to 15 DCLK

		



		0

		A[7:0]

		A7

		A6

		A5

		A4

		A3

		A2

		A1

		A0

		

		

		clocks 0 is invalid entry

		



		

		

		

		

		

		

		

		

		

		

		

		

		(RESET=2h)

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		A[7:4] : Phase 2 period of up to 15 DCLK

		



		

		

		

		

		

		

		

		

		

		

		

		

		clocks 0 is invalid entry

		



		

		

		

		

		

		

		

		

		

		

		

		

		(RESET=2h )

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		0

		DB

		1

		1

		0

		1

		1

		0

		1

		1

		Set VCOMH Deselect

		

		A[6:4]

		

		Hex

		V COMH deselect level

		

		



		0

		A[6:4]

		0

		A6

		A5

		A4

		0

		0

		0

		0

		Level

		

		

		

		code

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		000b

		

		00h

		~ 0.65 x VCC

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		010b

		

		20h

		~ 0.77 x VCC (RESET)

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		011b

		

		30h

		~ 0.83 x VCC

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		0

		E3

		1

		1

		1

		0

		0

		0

		1

		1

		NOP

		Command for no operation
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		6. Advance Graphic Command Table

		

		

		

		

		

		

		

		

		

		

		

		



		

		D/C#

		Hex

		D7

		D6

		D5

		D4

		D3

		D2

		D1

		D0

		Command

		

		Description

		

		

		



		

		0

		23

		0

		0

		1

		0

		0

		0

		1

		1

		Set Fade

		

		A[5:4] = 00b Disable Fade Out / Blinking Mode[RESET]



		

		0

		A[6:0]

		*

		*

		

		A5

		A4

		

		A3

		A2

		

		A1

		A0

		Out and

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Blinking

		

		A[5:4] = 10b  Enable Fade Out mode.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Once Fade Mode is enabled, contrast decrease gradually



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		to all pixels OFF. Output follows RAM content when



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Fade mode is disabled.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[5:4] = 11b Enable Blinking mode.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Once Blinking Mode is enabled, contrast decrease



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		gradually to all pixels OFF and than contrast increase



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		gradually to normal display. This process loop



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		continuously until the Blinking mode is disabled.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[3:0] : Set time interval for each fade step



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[3:0]

		Time interval for each fade step

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		0000b

		

		8 Frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		0001b

		

		16 Frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		0010b

		

		24 Frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		:

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		1111b

		

		128 Frames

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(1) Refer to section 10.3.1 for details.



		

		0

		D6

		1

		1

		0

		1

		0

		1

		1

		0

		Set Zoom In

		A[0] = 0b Disable Zoom in Mode[RESET]



		

		0

		A[0]

		0

		0

		0

		0

		0

		0

		0

		A0

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		A[0] = 1b Enable Zoom in Mode



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(1) The panel must be in alternative COM pin



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		configuration (command DAh A[4] =1)



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(2) Refer to section 10.3.2 for details.



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		7. Charge Pump Command Table

		

		

		

		

		

		

		

		

		

		

		

		



		D/C#

		

		Hex

		

		D7

		D6

		

		D5

		D4

		

		D3

		D2

		

		D1

		D0

		Command

		Description

		

		

		



		0

		

		8D

		

		1

		0

		

		0

		0

		

		1

		1

		

		0

		1

		Charge

		A[2] = 0b, Disable charge pump(RESET)

		



		0

		

		A[7:0]

		*

		*

		

		0

		1

		

		0

		A2

		

		0

		0

		Pump

		A[2] = 1b, Enable charge pump during display on

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Setting

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		Note

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		(1) The Charge Pump must be enabled by the following

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		command sequence:

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		8Dh ; Charge Pump Setting

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		14h ; Enable Charge Pump

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		AFh; Display ON

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		











Note

(1) “*” stands for “Don’t care”.

















Solomon Systech	Jul 2009	P 34/63	Rev 1.2	SSD1306



[bookmark: page36]

Table 9-2 : Read Command Table



		Bit Pattern

		Command

		Description



		D7D6D5D4D3D2D1D0

		Status Register Read

		D[7]

		:

		Reserved



		

		

		D[6] :

		“1” for display OFF / “0” for display ON



		

		

		D[5]

		:

		Reserved



		

		

		D[4] :

		Reserved



		

		

		D[3] :

		Reserved



		

		

		D[2] :

		Reserved



		

		

		D[1] :

		Reserved



		

		

		D[0] :

		Reserved







Note



(1) Patterns other than those given in the Command Table are prohibited to enter the chip as a command; as unexpected results can occur.







9.1	Data Read / Write



To read data from the GDDRAM, select HIGH for both the R/W# (WR#) pin and the D/C# pin for 6800-series parallel mode and select LOW for the E (RD#) pin and HIGH for the D/C# pin for 8080-series parallel mode. No data read is provided in serial mode operation.



In normal data read mode the GDDRAM column address pointer will be increased automatically by one after each data read.

Also, a dummy read is required before the first data read.



To write data to the GDDRAM, select LOW for the R/W# (WR#) pin and HIGH for the D/C# pin for both 6800-series parallel mode and 8080-series parallel mode. The serial interface mode is always in write mode. The GDDRAM column address pointer will be increased automatically by one after each data write.





Table 9-3 : Address increment table (Automatic)



		D/C#

		R/W# (WR#)

		Comment

		Address Increment



		

		

		

		



		0

		0

		Write Command

		No



		0

		1

		Read Status

		No



		1

		0

		Write Data

		Yes



		1

		1

		Read Data

		Yes
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[bookmark: page37]

10 COMMAND DESCRIPTIONS 10.1 Fundamental Command



10.1.1	Set Lower Column Start Address for Page Addressing Mode (00h~0Fh)



This command specifies the lower nibble of the 8-bit column start address for the display data RAM under Page Addressing Mode. The column address will be incremented by each data access. Please refer to Section Table 9-1 and Section 10.1.3 for details.



10.1.2	Set Higher Column Start Address for Page Addressing Mode (10h~1Fh)



This command specifies the higher nibble of the 8-bit column start address for the display data RAM under Page Addressing Mode. The column address will be incremented by each data access. Please refer to Section Table 9-1 and Section 10.1.3 for details.



10.1.3	Set Memory Addressing Mode (20h)



There are 3 different memory addressing mode in SSD1306: page addressing mode, horizontal addressing mode and vertical addressing mode. This command sets the way of memory addressing into one of the above three modes. In there, “COL” means the graphic display data RAM column.



Page addressing mode (A[1:0]=10xb)



In page addressing mode, after the display RAM is read/written, the column address pointer is increased automatically by 1. If the column address pointer reaches column end address, the column address pointer is reset to column start address and page address pointer is not changed. Users have to set the new page and column addresses in order to access the next page RAM content. The sequence of movement of the PAGE and column address point for page addressing mode is shown in Figure 10-1.



Figure 10-1 : Address Pointer Movement of Page addressing mode

[image: ]
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In normal display data RAM read or write and page addressing mode, the following steps are required to define the starting RAM access pointer location:

· Set the page start address of the target display location by command B0h to B7h.

· Set the lower start column address of pointer by command 00h~0Fh.

· Set the upper start column address of pointer by command 10h~1Fh.



For example, if the page address is set to B2h, lower column address is 03h and upper column address is 10h, then that means the starting column is SEG3 of PAGE2. The RAM access pointer is located as shown in Figure 10-2. The input data byte will be written into RAM position of column 3.



Figure 10-2 : Example of GDDRAM access pointer setting in Page Addressing Mode (No row and column-remapping)

		SEG0    SEG3 (Starting column)

		SEG127



		RAM access pointer

		





[image: ]



		

		LSB D0

		Each lattice represents

		COM16

		



		

		

		

		COM17

		



		

		

		one bit of image data

		

		



		

		

		

		:

		



		

		

		

		

		



		PAGE2

		

		....................

		:

		



		

		

		

		:

		



		

		

		

		

		



		(Starting page)

		

		

		:

		



		

		

		

		

		



		

		

		

		:

		



		

		MSB D7

		

		COM23
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[bookmark: page38]Horizontal addressing mode (A[1:0]=00b)



In horizontal addressing mode, after the display RAM is read/written, the column address pointer is increased automatically by 1. If the column address pointer reaches column end address, the column address pointer is reset to column start address and page address pointer is increased by 1. The sequence of movement of the page and column address point for horizontal addressing mode is shown in Figure 10-3. When both column and page address pointers reach the end address, the pointers are reset to column start address and page start address (Dotted line in Figure 10-3.)



Figure 10-3 : Address Pointer Movement of Horizontal addressing mode
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Vertical addressing mode: (A[1:0]=01b)



In vertical addressing mode, after the display RAM is read/written, the page address pointer is increased automatically by 1. If the page address pointer reaches the page end address, the page address pointer is reset to page start address and column address pointer is increased by 1. The sequence of movement of the page and column address point for vertical addressing mode is shown in Figure 10-4. When both column and page address pointers reach the end address, the pointers are reset to column start address and page start address (Dotted line in Figure 10-4.)



Figure 10-4 : Address Pointer Movement of Vertical addressing mode
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		:
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In normal display data RAM read or write and horizontal / vertical addressing mode, the following steps are required to define the RAM access pointer location:

· Set the column start and end address of the target display location by command 21h.



· Set the page start and end address of the target display location by command 22h. Example is shown in Figure 10-5.





10.1.4	Set Column Address (21h)



This triple byte command specifies column start address and end address of the display data RAM. This command also sets the column address pointer to column start address. This pointer is used to define the current read/write column address in graphic display data RAM. If horizontal address increment mode is enabled by command 20h, after finishing read/write one column data, it is incremented automatically to the next column address. Whenever the column address pointer finishes accessing the end column address, it is reset back to start column address and the row address is incremented to the next row.
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This triple byte command specifies page start address and end address of the display data RAM. This command also sets the page address pointer to page start address. This pointer is used to define the current read/write page address in graphic display data RAM. If vertical address increment mode is enabled by command 20h, after finishing read/write one page data, it is incremented automatically to the next page address. Whenever the page address pointer finishes accessing the end page address, it is reset back to start page address.



The figure below shows the way of column and page address pointer movement through the example: column start address is set to 2 and column end address is set to 125, page start address is set to 1 and page end address is set to 6; Horizontal address increment mode is enabled by command 20h. In this case, the graphic display data RAM column accessible range is from column 2 to column 125 and from page 1 to page 6 only. In addition, the column address pointer is set to 2 and page address pointer is set to 1. After finishing read/write one pixel of data, the column address is increased automatically by 1 to access the next RAM location for next read/write operation (solid line in Figure 10-5). Whenever the column address pointer finishes accessing the end column 125, it is reset back to column 2 and page address is automatically increased by 1 (solid line in Figure 10-5). While the end page 6 and end column 125 RAM location is accessed, the page address is reset back to 1 and the column address is reset back to 2 (dotted line in Figure 10-5). .



Figure 10-5 : Example of Column and Row Address Pointer Movement
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10.1.6	Set Display Start Line (40h~7Fh)



This command sets the Display Start Line register to determine starting address of display RAM, by selecting a value from 0 to 63. With value equal to 0, RAM row 0 is mapped to COM0. With value equal to 1, RAM row 1 is mapped to COM0 and so on.



Refer to Table 10-1 for more illustrations.





10.1.7	Set Contrast Control for BANK0 (81h)



This command sets the Contrast Setting of the display. The chip has 256 contrast steps from 00h to FFh. The segment output current increases as the contrast step value increases.







10.1.8	Set Segment Re-map (A0h/A1h)



This command changes the mapping between the display data column address and the segment driver. It allows flexibility in OLED module design. Please refer to Table 9-1.



This command only affects subsequent data input. Data already stored in GDDRAM will have no changes.















Solomon Systech	Jul 2009	P 38/63	Rev 1.2	SSD1306



[bookmark: page40]10.1.9	Entire Display ON  (A4h/A5h)



A4h command enable display outputs according to the GDDRAM contents.

If A5h command is issued, then by using A4h command, the display will resume to the GDDRAM contents.



In other words, A4h command resumes the display from entire display “ON” stage.

A5h command forces the entire display to be “ON”, regardless of the contents of the display data RAM.





10.1.10 Set Normal/Inverse Display (A6h/A7h)



This command sets the display to be either normal or inverse. In normal display a RAM data of 1 indicates an “ON” pixel while in inverse display a RAM data of 0 indicates an “ON” pixel.





10.1.11 Set Multiplex Ratio (A8h)



This command switches the default 63 multiplex mode to any multiplex ratio, ranging from 16 to 63. The output pads COM0~COM63 will be switched to the corresponding COM signal.





10.1.12 Set Display ON/OFF (AEh/AFh)



These single byte commands are used to turn the OLED panel display ON or OFF.



When the display is ON, the selected circuits by Set Master Configuration command will be turned ON. When the display is OFF, those circuits will be turned OFF and the segment and common output are in VSS state and high impedance state, respectively. These commands set the display to one of the two states:



o AEh : Display OFF o AFh : Display ON



Figure 10-6 :Transition between different modes



AFh

[image: ]



Normal mode	Sleep mode

[image: ]



AEh



10.1.13 Set Page Start Address for Page Addressing Mode (B0h~B7h)



This command positions the page start address from 0 to 7 in GDDRAM under Page Addressing Mode.



Please refer to Table 9-1 and Section 10.1.3 for details.





10.1.14 Set COM Output Scan Direction (C0h/C8h)



This command sets the scan direction of the COM output, allowing layout flexibility in the OLED module design. Additionally, the display will show once this command is issued. For example, if this command is sent during normal display then the graphic display will be vertically flipped immediately. Please refer to Table 10-3 for details.





10.1.15 Set Display Offset (D3h)



This is a double byte command. The second command specifies the mapping of the display start line to one of COM0~COM63 (assuming that COM0 is the display start line then the display start line register is equal to 0).



For example, to move the COM16 towards the COM0 direction by 16 lines the 6-bit data in the second byte should be given as 010000b. To move in the opposite direction by 16 lines the 6-bit data should be given by 64 – 16, so the second byte would be 100000b. The following two tables (Table 10-1, Table 10-2) show the example of setting the command C0h/C8h and D3h.
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		Output

		

		

		

		

		

		

		



		

		

		64

		

		64

		

		64

		

		56

		

		56

		56

		Set MUX ratio(A8h)

		



		

		Normal

		Normal

		Normal

		Normal

		Normal

		Normal

		COM Normal / Remapped (C0h / C8h)

		



		Hardware

		

		0

		

		8

		

		0

		

		0

		

		8

		0

		

		Display offset (D3h)

		



		pin name

		

		0

		

		0

		

		8

		

		0

		

		0

		8

		

		Display start line (40h - 7Fh)

		



		COM0

		Row0

		RAM0

		Row8

		RAM8

		Row0

		RAM8

		Row0

		RAM0

		Row8

		RAM8

		Row0

		RAM8

		

		



		COM1

		Row1

		RAM1

		Row9

		RAM9

		Row1

		RAM9

		Row1

		RAM1

		Row9

		RAM9

		Row1

		RAM9

		

		



		COM2

		Row2

		RAM2

		Row10

		RAM10

		Row2

		RAM10

		Row2

		RAM2

		Row10

		RAM10

		Row2

		RAM10

		

		



		COM3

		Row3

		RAM3

		Row11

		RAM11

		Row3

		RAM11

		Row3

		RAM3

		Row11

		RAM11

		Row3

		RAM11

		

		



		COM4

		Row4

		RAM4

		Row12

		RAM12

		Row4

		RAM12

		Row4

		RAM4

		Row12

		RAM12

		Row4

		RAM12

		

		



		COM5

		Row5

		RAM5

		Row13

		RAM13

		Row5

		RAM13

		Row5

		RAM5

		Row13

		RAM13

		Row5

		RAM13

		

		



		COM6

		Row6

		RAM6

		Row14

		RAM14

		Row6

		RAM14

		Row6

		RAM6

		Row14

		RAM14

		Row6

		RAM14

		

		



		COM7

		Row7

		RAM7

		Row15

		RAM15

		Row7

		RAM15

		Row7

		RAM7

		Row15

		RAM15

		Row7

		RAM15

		

		



		COM8

		Row8

		RAM8

		Row16

		RAM16

		Row8

		RAM16

		Row8

		RAM8

		Row16

		RAM16

		Row8

		RAM16

		

		



		COM9

		Row9

		RAM9

		Row17

		RAM17

		Row9

		RAM17

		Row9

		RAM9

		Row17

		RAM17

		Row9

		RAM17

		

		



		COM10

		Row10

		RAM10

		Row18RAM18

		Row10RAM18

		Row10RAM10

		Row18

		RAM18

		Row10

		RAM18

		

		



		COM11

		Row11

		RAM11

		Row19RAM19

		Row11RAM19

		Row11RAM11

		Row19

		RAM19

		Row11

		RAM19

		

		



		COM12

		Row12

		RAM12

		Row20RAM20

		Row12RAM20

		Row12RAM12

		Row20

		RAM20

		Row12

		RAM20

		

		



		COM13

		Row13

		RAM13

		Row21RAM21

		Row13RAM21

		Row13RAM13

		Row21

		RAM21

		Row13

		RAM21

		

		



		COM14

		Row14

		RAM14

		Row22RAM22

		Row14RAM22

		Row14RAM14

		Row22

		RAM22

		Row14

		RAM22

		

		



		COM15

		Row15

		RAM15

		Row23RAM23

		Row15RAM23

		Row15RAM15

		Row23

		RAM23

		Row15

		RAM23

		

		



		COM16

		Row16

		RAM16

		Row24RAM24

		Row16RAM24

		Row16RAM16

		Row24

		RAM24

		Row16

		RAM24

		

		



		COM17

		Row17

		RAM17

		Row25RAM25

		Row17RAM25

		Row17RAM17

		Row25

		RAM25

		Row17

		RAM25

		

		



		COM18

		Row18

		RAM18

		Row26RAM26

		Row18RAM26

		Row18RAM18

		Row26

		RAM26

		Row18

		RAM26

		

		



		COM19

		Row19

		RAM19

		Row27RAM27

		Row19RAM27

		Row19RAM19

		Row27

		RAM27

		Row19

		RAM27

		

		



		COM20

		Row20

		RAM20

		Row28RAM28

		Row20RAM28

		Row20RAM20

		Row28

		RAM28

		Row20

		RAM28

		

		



		COM21

		Row21

		RAM21

		Row29RAM29

		Row21RAM29

		Row21RAM21

		Row29

		RAM29

		Row21

		RAM29

		

		



		COM22

		Row22

		RAM22

		Row30RAM30

		Row22RAM30

		Row22RAM22

		Row30

		RAM30

		Row22

		RAM30

		

		



		COM23

		Row23

		RAM23

		Row31RAM31

		Row23RAM31

		Row23RAM23

		Row31

		RAM31

		Row23

		RAM31

		

		



		COM24

		Row24

		RAM24

		Row32RAM32

		Row24RAM32

		Row24RAM24

		Row32

		RAM32

		Row24

		RAM32

		

		



		COM25

		Row25

		RAM25

		Row33RAM33

		Row25RAM33

		Row25RAM25

		Row33

		RAM33

		Row25

		RAM33

		

		



		COM26

		Row26

		RAM26

		Row34RAM34

		Row26RAM34

		Row26RAM26

		Row34

		RAM34

		Row26

		RAM34

		

		



		COM27

		Row27

		RAM27

		Row35RAM35

		Row27RAM35

		Row27RAM27

		Row35

		RAM35

		Row27

		RAM35

		

		



		COM28

		Row28

		RAM28

		Row36RAM36

		Row28RAM36

		Row28RAM28

		Row36

		RAM36

		Row28

		RAM36

		

		



		COM29

		Row29

		RAM29

		Row37RAM37

		Row29RAM37

		Row29RAM29

		Row37

		RAM37

		Row29

		RAM37

		

		



		COM30

		Row30

		RAM30

		Row38RAM38

		Row30RAM38

		Row30RAM30

		Row38

		RAM38

		Row30

		RAM38

		

		



		COM31

		Row31

		RAM31

		Row39RAM39

		Row31RAM39

		Row31RAM31

		Row39

		RAM39

		Row31

		RAM39

		

		



		COM32

		Row32

		RAM32

		Row40RAM40

		Row32RAM40

		Row32RAM32

		Row40

		RAM40

		Row32

		RAM40

		

		



		COM33

		Row33

		RAM33

		Row41RAM41

		Row33RAM41

		Row33RAM33

		Row41

		RAM41

		Row33

		RAM41

		

		



		COM34

		Row34

		RAM34

		Row42RAM42

		Row34RAM42

		Row34RAM34

		Row42

		RAM42

		Row34

		RAM42

		

		



		COM35

		Row35

		RAM35

		Row43RAM43

		Row35RAM43

		Row35RAM35

		Row43

		RAM43

		Row35

		RAM43

		

		



		COM36

		Row36

		RAM36

		Row44RAM44

		Row36RAM44

		Row36RAM36

		Row44

		RAM44

		Row36

		RAM44

		

		



		COM37

		Row37

		RAM37

		Row45RAM45

		Row37RAM45

		Row37RAM37

		Row45

		RAM45

		Row37

		RAM45

		

		



		COM38

		Row38

		RAM38

		Row46RAM46

		Row38RAM46

		Row38RAM38

		Row46

		RAM46

		Row38

		RAM46

		

		



		COM39

		Row39

		RAM39

		Row47RAM47

		Row39RAM47

		Row39RAM39

		Row47

		RAM47

		Row39

		RAM47

		

		



		COM40

		Row40

		RAM40

		Row48RAM48

		Row40RAM48

		Row40RAM40

		Row48

		RAM48

		Row40

		RAM48

		

		



		COM41

		Row41

		RAM41

		Row49RAM49

		Row41RAM49

		Row41RAM41

		Row49

		RAM49

		Row41

		RAM49

		

		



		COM42

		Row42

		RAM42

		Row50RAM50

		Row42RAM50

		Row42RAM42

		Row50

		RAM50

		Row42

		RAM50

		

		



		COM43

		Row43

		RAM43

		Row51RAM51

		Row43RAM51

		Row43RAM43

		Row51

		RAM51

		Row43

		RAM51

		

		



		COM44

		Row44

		RAM44

		Row52RAM52

		Row44RAM52

		Row44RAM44

		Row52

		RAM52

		Row44

		RAM52

		

		



		COM45

		Row45

		RAM45

		Row53RAM53

		Row45RAM53

		Row45RAM45

		Row53

		RAM53

		Row45

		RAM53

		

		



		COM46

		Row46

		RAM46

		Row54RAM54

		Row46RAM54

		Row46RAM46

		Row54

		RAM54

		Row46

		RAM54

		

		



		COM47

		Row47

		RAM47

		Row55RAM55

		Row47RAM55

		Row47RAM47

		Row55

		RAM55

		Row47

		RAM55

		

		



		COM48

		Row48

		RAM48

		Row56RAM56

		Row48RAM56

		Row48RAM48

		-

		-

		Row48

		RAM56

		

		



		COM49

		Row49

		RAM49

		Row57RAM57

		Row49RAM57

		Row49RAM49

		-

		-

		Row49

		RAM57

		

		



		COM50

		Row50

		RAM50

		Row58RAM58

		Row50RAM58

		Row50RAM50

		-

		-

		Row50

		RAM58

		

		



		COM51

		Row51

		RAM51

		Row59RAM59

		Row51RAM59

		Row51RAM51

		-

		-

		Row51

		RAM59

		

		



		COM52

		Row52

		RAM52

		Row60RAM60

		Row52RAM60

		Row52RAM52

		-

		-

		Row52

		RAM60

		

		



		COM53

		Row53

		RAM53

		Row61RAM61

		Row53RAM61

		Row53RAM53

		-

		-

		Row53

		RAM61

		

		



		COM54

		Row54

		RAM54

		Row62RAM62

		Row54RAM62

		Row54RAM54

		-

		-

		Row54

		RAM62

		

		



		COM55

		Row55

		RAM55

		Row63

		RAM63

		Row55

		RAM63

		Row55

		RAM55

		-

		-

		Row55

		RAM63

		

		



		COM56

		Row56

		RAM56

		Row0

		RAM0

		Row56

		RAM0

		-

		-

		Row0

		RAM0

		-

		-

		

		



		COM57

		Row57

		RAM57

		Row1

		RAM1

		Row57

		RAM1

		-

		-

		Row1

		RAM1

		-

		-

		

		



		COM58

		Row58

		RAM58

		Row2

		RAM2

		Row58

		RAM2

		-

		-

		Row2

		RAM2

		-

		-

		

		



		COM59

		Row59

		RAM59

		Row3

		RAM3

		Row59

		RAM3

		-

		-

		Row3

		RAM3

		-

		-

		

		



		COM60

		Row60

		RAM60

		Row4

		RAM4

		Row60

		RAM4

		-

		-

		Row4

		RAM4

		-

		-

		

		



		COM61

		Row61

		RAM61

		Row5

		RAM5

		Row61

		RAM5

		-

		-

		Row5

		RAM5

		-

		-

		

		



		COM62

		Row62

		RAM62

		Row6

		RAM6

		Row62

		RAM6

		-

		-

		Row6

		RAM6

		-

		-

		

		



		COM63

		Row63

		RAM63

		Row7

		RAM7

		Row63

		RAM7

		-

		-

		Row7

		RAM7

		-

		-

		

		



		Display

		

		(a)

		

		(b)

		

		(c)

		

		(d)

		

		(e)

		(f)

		

		

		



		examples

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		





[image: ]













(a)	(b)	(c)	(d)

[image: ]













(e)	(f)
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		Output

		

		

		

		

		

		

		

		



		

		

		64

		

		64

		

		64

		

		48

		

		48

		

		48

		48

		

		Set MUX ratio(A8h)

		



		

		Remap

		Remap

		Remap

		Remap

		Remap

		Remap

		Remap

		COM Normal / Remapped (C0h / C8h)

		



		Hardware

		

		0

		

		8

		

		0

		

		0

		

		8

		

		0

		8

		

		Display offset (D3h)

		



		pin name

		

		0

		

		0

		

		8

		

		0

		

		0

		

		8

		16

		

		Display start line (40h - 7Fh)

		



		COM0

		Row63

		RAM63

		Row7

		RAM7

		Row63

		RAM7

		Row47

		RAM47

		-

		-

		Row47

		RAM55

		-

		-

		

		



		COM1

		Row62

		RAM62

		Row6

		RAM6

		Row62

		RAM6

		Row46

		RAM46

		-

		-

		Row46

		RAM54

		-

		-

		

		



		COM2

		Row61

		RAM61

		Row5

		RAM5

		Row61

		RAM5

		Row45

		RAM45

		-

		-

		Row45

		RAM53

		-

		-

		

		



		COM3

		Row60

		RAM60

		Row4

		RAM4

		Row60

		RAM4

		Row44

		RAM44

		-

		-

		Row44

		RAM52

		-

		-

		

		



		COM4

		Row59

		RAM59

		Row3

		RAM3

		Row59

		RAM3

		Row43

		RAM43

		-

		-

		Row43

		RAM51

		-

		-

		

		



		COM5

		Row58

		RAM58

		Row2

		RAM2

		Row58

		RAM2

		Row42

		RAM42

		-

		-

		Row42

		RAM50

		-

		-

		

		



		COM6

		Row57

		RAM57

		Row1

		RAM1

		Row57

		RAM1

		Row41

		RAM41

		-

		-

		Row41

		RAM49

		-

		-

		

		



		COM7

		Row56

		RAM56

		Row0

		RAM0

		Row56

		RAM0

		Row40

		RAM40

		-

		-

		Row40

		RAM48

		-

		-

		

		



		COM8

		Row55

		RAM55

		Row63

		RAM63

		Row55

		RAM63

		Row39

		RAM39

		Row47

		RAM47

		Row39

		RAM47

		Row47

		RAM63

		

		



		COM9

		Row54

		RAM54

		Row62

		RAM62

		Row54

		RAM62

		Row38

		RAM38

		Row46

		RAM46

		Row38

		RAM46

		Row46

		RAM62

		

		



		COM10

		Row53

		RAM53

		Row61

		RAM61

		Row53

		RAM61

		Row37

		RAM37

		Row45

		RAM45

		Row37

		RAM45

		Row45

		RAM61

		

		



		COM11

		Row52

		RAM52

		Row60

		RAM60

		Row52

		RAM60

		Row36

		RAM36

		Row44

		RAM44

		Row36

		RAM44

		Row44

		RAM60

		

		



		COM12

		Row51

		RAM51

		Row59

		RAM59

		Row51

		RAM59

		Row35

		RAM35

		Row43

		RAM43

		Row35

		RAM43

		Row43

		RAM59

		

		



		COM13

		Row50

		RAM50

		Row58

		RAM58

		Row50

		RAM58

		Row34

		RAM34

		Row42

		RAM42

		Row34

		RAM42

		Row42

		RAM58

		

		



		COM14

		Row49

		RAM49

		Row57

		RAM57

		Row49

		RAM57

		Row33

		RAM33

		Row41

		RAM41

		Row33

		RAM41

		Row41

		RAM57

		

		



		COM15

		Row48

		RAM48

		Row56

		RAM56

		Row48

		RAM56

		Row32

		RAM32

		Row40

		RAM40

		Row32

		RAM40

		Row40

		RAM56

		

		



		COM16

		Row47

		RAM47

		Row55

		RAM55

		Row47

		RAM55

		Row31

		RAM31

		Row39

		RAM39

		Row31

		RAM39

		Row39

		RAM55

		

		



		COM17

		Row46

		RAM46

		Row54

		RAM54

		Row46

		RAM54

		Row30

		RAM30

		Row38

		RAM38

		Row30

		RAM38

		Row38

		RAM54

		

		



		COM18

		Row45

		RAM45

		Row53

		RAM53

		Row45

		RAM53

		Row29

		RAM29

		Row37

		RAM37

		Row29

		RAM37

		Row37

		RAM53

		

		



		COM19

		Row44

		RAM44

		Row52

		RAM52

		Row44

		RAM52

		Row28

		RAM28

		Row36

		RAM36

		Row28

		RAM36

		Row36

		RAM52

		

		



		COM20

		Row43

		RAM43

		Row51

		RAM51

		Row43

		RAM51

		Row27

		RAM27

		Row35

		RAM35

		Row27

		RAM35

		Row35

		RAM51

		

		



		COM21

		Row42

		RAM42

		Row50

		RAM50

		Row42

		RAM50

		Row26

		RAM26

		Row34

		RAM34

		Row26

		RAM34

		Row34

		RAM50

		

		



		COM22

		Row41

		RAM41

		Row49

		RAM49

		Row41

		RAM49

		Row25

		RAM25

		Row33

		RAM33

		Row25

		RAM33

		Row33

		RAM49

		

		



		COM23

		Row40

		RAM40

		Row48

		RAM48

		Row40

		RAM48

		Row24

		RAM24

		Row32

		RAM32

		Row24

		RAM32

		Row32

		RAM48

		

		



		COM24

		Row39

		RAM39

		Row47

		RAM47

		Row39

		RAM47

		Row23

		RAM23

		Row31

		RAM31

		Row23

		RAM31

		Row31

		RAM47

		

		



		COM25

		Row38

		RAM38

		Row46

		RAM46

		Row38

		RAM46

		Row22

		RAM22

		Row30

		RAM30

		Row22

		RAM30

		Row30

		RAM46

		

		



		COM26

		Row37

		RAM37

		Row45

		RAM45

		Row37

		RAM45

		Row21

		RAM21

		Row29

		RAM29

		Row21

		RAM29

		Row29

		RAM45

		

		



		COM27

		Row36

		RAM36

		Row44

		RAM44

		Row36

		RAM44

		Row20

		RAM20

		Row28

		RAM28

		Row20

		RAM28

		Row28

		RAM44

		

		



		COM28

		Row35

		RAM35

		Row43

		RAM43

		Row35

		RAM43

		Row19

		RAM19

		Row27

		RAM27

		Row19

		RAM27

		Row27

		RAM43

		

		



		COM29

		Row34

		RAM34

		Row42

		RAM42

		Row34

		RAM42

		Row18

		RAM18

		Row26

		RAM26

		Row18

		RAM26

		Row26

		RAM42

		

		



		COM30

		Row33

		RAM33

		Row41

		RAM41

		Row33

		RAM41

		Row17

		RAM17

		Row25

		RAM25

		Row17

		RAM25

		Row25

		RAM41

		

		



		COM31

		Row32

		RAM32

		Row40

		RAM40

		Row32

		RAM40

		Row16

		RAM16

		Row24

		RAM24

		Row16

		RAM24

		Row24

		RAM40

		

		



		COM32

		Row31

		RAM31

		Row39

		RAM39

		Row31

		RAM39

		Row15

		RAM15

		Row23

		RAM23

		Row15

		RAM23

		Row23

		RAM39

		

		



		COM33

		Row30

		RAM30

		Row38

		RAM38

		Row30

		RAM38

		Row14

		RAM14

		Row22

		RAM22

		Row14

		RAM22

		Row22

		RAM38

		

		



		COM34

		Row29

		RAM29

		Row37

		RAM37

		Row29

		RAM37

		Row13

		RAM13

		Row21

		RAM21

		Row13

		RAM21

		Row21

		RAM37

		

		



		COM35

		Row28

		RAM28

		Row36

		RAM36

		Row28

		RAM36

		Row12

		RAM12

		Row20

		RAM20

		Row12

		RAM20

		Row20

		RAM36

		

		



		COM36

		Row27

		RAM27

		Row35

		RAM35

		Row27

		RAM35

		Row11

		RAM11

		Row19

		RAM19

		Row11

		RAM19

		Row19

		RAM35

		

		



		COM37

		Row26

		RAM26

		Row34

		RAM34

		Row26

		RAM34

		Row10

		RAM10

		Row18

		RAM18

		Row10

		RAM18

		Row18

		RAM34

		

		



		COM38

		Row25

		RAM25

		Row33

		RAM33

		Row25

		RAM33

		Row9

		RAM9

		Row17

		RAM17

		Row9

		RAM17

		Row17

		RAM33

		

		



		COM39

		Row24

		RAM24

		Row32

		RAM32

		Row24

		RAM32

		Row8

		RAM8

		Row16

		RAM16

		Row8

		RAM16

		Row16

		RAM32

		

		



		COM40

		Row23

		RAM23

		Row31

		RAM31

		Row23

		RAM31

		Row7

		RAM7

		Row15

		RAM15

		Row7

		RAM15

		Row15

		RAM31

		

		



		COM41

		Row22

		RAM22

		Row30

		RAM30

		Row22

		RAM30

		Row6

		RAM6

		Row14

		RAM14

		Row6

		RAM14

		Row14

		RAM30

		

		



		COM42

		Row21

		RAM21

		Row29

		RAM29

		Row21

		RAM29

		Row5

		RAM5

		Row13

		RAM13

		Row5

		RAM13

		Row13

		RAM29

		

		



		COM43

		Row20

		RAM20

		Row28

		RAM28

		Row20

		RAM28

		Row4

		RAM4

		Row12

		RAM12

		Row4

		RAM12

		Row12

		RAM28

		

		



		COM44

		Row19

		RAM19

		Row27

		RAM27

		Row19

		RAM27

		Row3

		RAM3

		Row11

		RAM11

		Row3

		RAM11

		Row11

		RAM27

		

		



		COM45

		Row18

		RAM18

		Row26

		RAM26

		Row18

		RAM26

		Row2

		RAM2

		Row10

		RAM10

		Row2

		RAM10

		Row10

		RAM26

		

		



		COM46

		Row17

		RAM17

		Row25

		RAM25

		Row17

		RAM25

		Row1

		RAM1

		Row9

		RAM9

		Row1

		RAM9

		Row9

		RAM25

		

		



		COM47

		Row16

		RAM16

		Row24

		RAM24

		Row16

		RAM24

		Row0

		RAM0

		Row8

		RAM8

		Row0

		RAM8

		Row8

		RAM24

		

		



		COM48

		Row15

		RAM15

		Row23

		RAM23

		Row15

		RAM23

		-

		-

		Row7

		RAM7

		-

		-

		Row7

		RAM23

		

		



		COM49

		Row14

		RAM14

		Row22

		RAM22

		Row14

		RAM22

		-

		-

		Row6

		RAM6

		-

		-

		Row6

		RAM22

		

		



		COM50

		Row13

		RAM13

		Row21

		RAM21

		Row13

		RAM21

		-

		-

		Row5

		RAM5

		-

		-

		Row5

		RAM21

		

		



		COM51

		Row12

		RAM12

		Row20

		RAM20

		Row12

		RAM20

		-

		-

		Row4

		RAM4

		-

		-

		Row4

		RAM20

		

		



		COM52

		Row11

		RAM11

		Row19

		RAM19

		Row11

		RAM19

		-

		-

		Row3

		RAM3

		-

		-

		Row3

		RAM19

		

		



		COM53

		Row10

		RAM10

		Row18

		RAM18

		Row10

		RAM18

		-

		-

		Row2

		RAM2

		-

		-

		Row2

		RAM18

		

		



		COM54

		Row9

		RAM9

		Row17

		RAM17

		Row9

		RAM17

		-

		-

		Row1

		RAM1

		-

		-

		Row1

		RAM17

		

		



		COM55

		Row8

		RAM8

		Row16

		RAM16

		Row8

		RAM16

		-

		-

		Row0

		RAM0

		-

		-

		Row0

		RAM16

		

		



		COM56

		Row7

		RAM7

		Row15

		RAM15

		Row7

		RAM15

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM57

		Row6

		RAM6

		Row14

		RAM14

		Row6

		RAM14

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM58

		Row5

		RAM5

		Row13

		RAM13

		Row5

		RAM13

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM59

		Row4

		RAM4

		Row12

		RAM12

		Row4

		RAM12

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM60

		Row3

		RAM3

		Row11

		RAM11

		Row3

		RAM11

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM61

		Row2

		RAM2

		Row10

		RAM10

		Row2

		RAM10

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM62

		Row1

		RAM1

		Row9

		RAM9

		Row1

		RAM9

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		COM63

		Row0

		RAM0

		Row8

		RAM8

		Row0

		RAM8

		-

		-

		-

		-

		-

		-

		-

		-

		

		



		Display

		

		(a)

		

		(b)

		

		(c)

		

		(d)

		

		(e)

		

		(f)

		(g)

		

		

		



		examples
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10.1.16 Set Display Clock Divide Ratio/ Oscillator Frequency (D5h)



This command consists of two functions:



· Display Clock Divide Ratio (D)(A[3:0])



Set the divide ratio to generate DCLK (Display Clock) from CLK. The divide ratio is from 1 to 16, with reset value = 1. Please refer to section 8.3 for the details relationship of DCLK and CLK.



· Oscillator Frequency (A[7:4])



Program the oscillator frequency Fosc that is the source of CLK if CLS pin is pulled high. The 4-bit value results in 16 different frequency settings available as shown below. The default setting is 1000b.



10.1.17 Set Pre-charge Period (D9h)



This command is used to set the duration of the pre-charge period. The interval is counted in number of DCLK, where RESET equals 2 DCLKs.





10.1.18 Set COM Pins Hardware Configuration (DAh)



This command sets the COM signals pin configuration to match the OLED panel hardware layout. The table below shows the COM pin configuration under different conditions (for MUX ratio =64):



Table 10-3 : COM Pins Hardware Configuration



		Conditions

		COM pins Configurations

		

		

		

		

		

		

		



		1  Sequential COM pin configuration (DAh A[4] =0)

		ROW63

		

		

		

		

		

		

		

		



		COM output Scan direction: from COM0 to COM63 (C0h)

		

		

		

		

		

		

		

		

		

		

		



		Disable COM Left/Right remap (DAh A[5] =0)

		ROW32

		

		

		

		

		

		

		

		ROW31

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		128x 64

		

		

		



		

		

		

		

		

		

		

		

		

		ROW0

		

		



		

		

		

		

		

		

		

		



		

		COM32

		COM0

		

		



		

		

		

		

		SSD1306Z

		

		

		



		

		

		

		

		

		

		

		



		

		

		

		COM63

		COM31

		

		



		

		

		

		Pad 1,2,3,…->126

		

		



		

		

		

		Gold Bumps face up

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		2  Sequential COM pin configuration (DAh A[4] =0)

		

		

		

		

		

		

		

		

		ROW63

		

		



		COM output Scan direction: from COM0 to COM63 (C0h)

		

		

		

		

		

		

		

		

		

		

		



		Enable COM Left/Right remap (DAh A[5] =1)

		

		

		

		

		

		

		

		

		

		

		



		

		ROW31

		

		

		

		

		

		

		ROW32

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		128 x 64

		

		

		



		

		ROW0

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		COM32

		COM0

		

		



		

		

		

		

		SSD1306Z

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		COM63

		

		

		

		

		

		

		



		

		

		

		Pad 1,2,3,…->126

		

		



		

		

		

		Gold Bumps face up
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		3  Sequential COM pin configuration (DAh A[4] =0)

		ROW0

		

		

		

		

		

		

		

		



		COM output Scan direction: from COM63 to COM0 (C8h)

		

		

		

		

		

		

		

		

		

		

		

		



		Disable COM Left/Right remap (DAh A[5] =0)

		ROW31

		

		

		

		

		

		

		

		

		ROW32

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		128 x 64

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		ROW63

		



		

		

		

		

		

		

		



		

		COM32

		COM0

		



		

		

		

		

		

		SSD1306Z

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		COM63

		COM31

		

		

		

		



		

		

		

		Pad 1,2,3,…->126

		

		

		

		



		

		

		

		Gold Bumps face up

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		4  Sequential COM pin configuration (DAh A[4] =0)

		

		

		

		

		

		

		

		

		

		ROW0

		



		COM output Scan direction: from COM63 to COM0 (C8h)

		

		

		

		

		

		

		

		

		

		

		

		



		Enable COM Left/Right remap (DAh A[5] =1)

		

		

		

		

		

		

		

		

		

		

		

		



		

		ROW32

		

		

		

		

		

		

		ROW31

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		128 x 64

		

		

		

		

		

		

		



		

		ROW63

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		

		COM32

		COM0

		



		

		

		

		

		

		SSD1306Z

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		COM63

		COM31

		

		

		

		



		

		

		

		Pad 1,2,3,…->126

		

		

		

		



		

		

		

		Gold Bumps face up

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		5  Alternative COM pin configuration (DAh A[4] =1)

		ROW63

		

		

		

		

		

		

		

		ROW62

		



		COM output Scan direction: from COM0 to COM63 (C0h)

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		Disable COM Left/Right remap (DAh A[5] =0)

		ROW61

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		128 x 64

		

		

		

		



		

		ROW1

		

		

		

		

		

		

		

		ROW2

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		ROW0

		



		

		

		

		COM32

		

		

		

		COM0

		



		

		

		

		

		

		SSD1306Z

		

		COM1

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		COM62

		

		

		

		

		

		

		

		



		

		

		COM63

		COM31

		



		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		

		

		

		

		

		Pad 1,2,3,…->126

		

		

		

		



		

		

		

		

		

		Gold Bumps face up
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		6  Alternative COM pin configuration (DAh A[4] =1)

		ROW62

		

		

		

		

		

		

		

		

		

		

		

		ROW63

		



		COM output Scan direction: from COM0 to COM63 (C0h)

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		ROW61

		



		Enable COM Left/Right remap (DAh A[5] =1)

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		128 x 64

		

		

		

		

		

		

		

		



		

		ROW2

		

		

		

		

		

		

		

		

		

		

		ROW1

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		



		

		ROW0

		

		

		

		

		

		

		

		



		

		

		COM32

		

		

		COM0

		



		

		COM33

		

		

		

		

		SSD1306Z

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		COM30

		



		

		

		

		

		

		

		COM63

		

		

		

		

		



		

		

		

		

		

		

		

		COM31

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		Pad 1,2,3,…->126

		

		

		

		

		

		

		



		

		

		

		

		

		Gold Bumps face up

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		7  Alternative COM pin configuration (DAh A[4] =1)

		ROW0

		

		

		

		

		

		

		

		

		

		

		

		ROW1

		



		COM output Scan direction: from COM63 to COM0(C8h)

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Disable COM Left/Right remap (DAh A[5] =0)

		ROW2

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		128 x 64

		

		

		

		

		

		

		



		

		ROW62

		

		

		

		

		

		

		

		

		ROW61

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		ROW63

		



		

		

		

		

		COM32

		

		

		

		COM0

		



		

		

		

		

		

		

		SSD1306Z

		

		

		

		COM1

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		COM62

		

		

		

		

		

		

		

		

		



		

		

		COM63

		

		COM31

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		Pad 1,2,3,…->126

		

		

		

		

		

		



		

		

		

		

		

		

		Gold Bumps face up

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		8  Alternative COM pin configuration (DAh A[4] =1)

		ROW1

		

		

		

		

		

		

		

		

		

		

		ROW0

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		COM output Scan direction: from COM63 to COM0(C8h)

		

		

		

		

		

		

		

		

		

		

		

		ROW2

		



		Enable COM Left/Right remap (DAh A[5] =1)

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		128 x 64

		

		

		

		

		

		

		

		



		

		ROW61

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		ROW62

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		ROW63

		

		

		

		

		

		

		

		



		

		

		COM32

		

		

		COM0

		



		

		COM33

		

		

		

		

		SSD1306Z

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		COM30

		



		

		

		

		

		

		

		COM63

		

		

		

		

		



		

		

		

		

		

		

		

		COM31

		



		

		

		

		

		

		

		

		

		



		

		

		

		

		

		Pad 1,2,3,…->126

		

		

		

		

		

		

		



		

		

		

		

		

		Gold Bumps face up
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This command adjusts the VCOMH regulator output.







10.1.20 NOP (E3h)



No Operation Command







10.1.21	Status register Read



This command is issued by setting D/C# ON LOW during a data read (See Figure 13-1 to Figure 13-2 for parallel interface waveform). It allows the MCU to monitor the internal status of the chip. No status read is provided for serial mode.







10.1.22 Charge Pump Setting (8Dh)



This command controls the ON/OFF of the Charge Pump. The Charge Pump must be enabled by the following command sequence:

8Dh ; Charge Pump Setting



14h ; Enable Charge Pump

AFh; Display ON
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10.2  Graphic Acceleration Command



10.2.1	Horizontal Scroll Setup (26h/27h)



This command consists of consecutive bytes to set up the horizontal scroll parameters and determines the scrolling start page, end page and scrolling speed.



Before issuing this command the horizontal scroll must be deactivated (2Eh). Otherwise, RAM content may be corrupted.



The SSD1306 horizontal scroll is designed for 128 columns scrolling. The following two figures (Figure 10-7,



Figure 10-8, Figure 10-9) show the examples of using the horizontal scroll:



Figure 10-7 : Horizontal scroll example: Scroll RIGHT by 1 column



		Original Setting

		SEG0

		SEG1

		SEG2

		SEG3

		SEG4

		SEG5

		…

		…

		…

		SEG122

		SEG123

		SEG124

		SEG125

		SEG126

		SEG127

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		After one scroll

		SEG127

		SEG0

		SEG1

		SEG2

		SEG3

		SEG4

		…

		…

		…

		SEG121

		SEG122

		SEG123

		SEG124

		SEG125

		SEG126

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		step

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		









Figure 10-8 : Horizontal scroll example: Scroll LEFT by 1 column



		Original

		SEG0

		SEG1

		SEG2

		SEG3

		SEG4

		SEG5

		…

		…

		…

		SEG122

		SEG123

		SEG124

		SEG125

		SEG126

		SEG127

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Setting

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		After one

		SEG1

		SEG2

		SEG3

		SEG4

		SEG5

		SEG6

		…

		…

		…

		SEG123

		SEG124

		SEG125

		SEG126

		SEG127

		SEG0

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		scroll step

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		









Figure 10-9 : Horizontal scrolling setup example
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10.2.2	Continuous Vertical and Horizontal Scroll Setup (29h/2Ah)



This command consists of 6 consecutive bytes to set up the continuous vertical scroll parameters and determines the scrolling start page, end page, scrolling speed and vertical scrolling offset.



The bytes B[2:0], C[2:0] and D[2:0] of command 29h/2Ah are for the setting of the continuous horizontal scrolling. The byte E[5:0] is for the setting of the continuous vertical scrolling offset. All these bytes together are for the setting of continuous diagonal (horizontal + vertical) scrolling. If the vertical scrolling offset byte E[5:0] is set to zero, then only horizontal scrolling is performed (like command 26/27h).





Before issuing this command the scroll must be deactivated (2Eh). Otherwise, RAM content may be corrupted. The following figure (Figure 10-10 ) show the example of using the continuous vertical and horizontal scroll:













Figure 10-10 : Continuous Vertical and Horizontal scrolling setup example

[image: ]
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10.2.3	Deactivate Scroll (2Eh)



This command stops the motion of scrolling. After sending 2Eh command to deactivate the scrolling action, the ram data needs to be rewritten.





10.2.4	Activate Scroll (2Fh)



This command starts the motion of scrolling and should only be issued after the scroll setup parameters have been defined by the scrolling setup commands :26h/27h/29h/2Ah . The setting in the last scrolling setup command overwrites the setting in the previous scrolling setup commands.





The following actions are prohibited after the scrolling is activated

1. RAM access (Data write or read)

2. Changing the horizontal scroll setup parameters



















10.2.5	Set Vertical Scroll Area(A3h)



This command consists of 3 consecutive bytes to set up the vertical scroll area. For the continuous vertical scroll function (command 29/2Ah), the number of rows that in vertical scrolling can be set smaller or equal to the MUX ratio.
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10.3  Advance Graphic Command





10.3.1	Set Fade Out and Blinking (23h)



This command allow to set the fade mode and adjust the time interval for each fade step. Below figures show the example of Fade Out mode and Blinking mode.



Figure 10-11 : Example of Fade Out mode

[image: ]



















Figure 10-12 : Example of Blinking mode

[image: ]





















10.3.2	Set Zoom In (D6h)



Under Zoom in mode, one row of display contents is expanded into two rows on the display. That is, contents of row0~31 fill the whole display panel of 64 rows. It should be notice that the panel must be in alternative COM pin configuration (command DAh A[4] =1) for zoom in function.







Figure 10-13 : Example of Zoom In

[image: ]





















































		SSD1306

		Rev 1.2

		P 49/63

		Jul 2009

		Solomon Systech



		

		

		

		

		







[bookmark: page51]

11	MAXIMUM RATINGS



Table 11-1 : Maximum Ratings (Voltage Referenced to VSS)



		Symbol

		Parameter

		Value

		Unit



		VDD

		

		-0.3 to +4

		V



		VBAT

		Supply Voltage

		-0.3 to +5

		V



		VCC

		

		0 to 16

		V



		VSEG

		SEG output voltage

		0 to VCC

		V



		VCOM

		COM output voltage

		0 to 0.9*VCC

		V



		Vin

		Input voltage

		VSS-0.3 to VDD+0.3

		V



		TA

		Operating Temperature

		-40 to +85

		ºC



		Tstg

		Storage Temperature Range

		-65 to +150

		ºC









Maximum ratings are those values beyond which damages to the device may occur. Functional operation should be restricted to the limits in the Electrical Characteristics tables or Pin Description section



This device may be light sensitive. Caution should be taken to avoid exposure of this device to any light source during normal operation. This device is not radiation protected.
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12	DC CHARACTERISTICS



Condition (Unless otherwise specified):

Voltage referenced to VSS

VDD = 1.65 to 3.3V

TA = 25°C



Table 12-1 : DC Characteristics





		Symbol

		Parameter

		Test Condition

		Min

		Typ

		Max

		Unit

		



		VCC

		Operating Voltage

		-

		7

		-

		15

		V

		



		VDD

		Logic Supply Voltage

		-

		1.65

		-

		3.3

		V

		



		

		

		

		

		

		

		

		







		VBAT

		Charge Pump Regulator

		-

		

		3.3

		-

		4.2

		V

		



		

		Supply Voltage

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		VOH

		High Logic Output Level

		IOUT = 100uA, 3.3MHz

		

		0.9 x VDD

		-

		-

		V

		



		VOL

		Low Logic Output Level

		IOUT = 100uA, 3.3MHz

		

		-

		-

		0.1 x VDD

		V

		



		VIH

		High Logic Input Level

		-

		

		0.8 x VDD

		-

		-

		V

		



		VIL

		Low Logic Input Level

		-

		

		-

		-

		0.2 x VDD

		V

		



		ICC, SLEEP

		ICC, Sleep mode Current

		VDD = 1.65V~3.3V, VCC

		= 7V~15V

		-

		-

		10

		uA

		



		

		

		

		Display OFF, No panel attached

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		IDD, SLEEP

		IDD, Sleep mode Current

		VDD = 1.65V~3.3V, VCC

		= 7V~15V

		-

		-

		10

		uA

		



		

		

		

		Display OFF, No panel attached

		

		

		

		

		



		

		

		

		

		

		

		

		

		



		

		VCC Supply Current

		

		

		

		

		

		

		



		

		VDD = 2.8V, VCC = 12V,

		

		

		

		

		

		

		



		ICC

		IREF = 12.5uA

		

		

		-

		430

		780

		uA

		



		

		No loading, Display ON, All

		

		

		

		

		

		

		



		

		ON

		Contrast = FFh

		

		

		

		

		

		



		

		VDD Supply Current

		

		

		

		

		

		

		



		IDD

		VDD = 2.8V, VCC = 12V,

		

		

		

		

		

		

		



		

		IREF = 12.5uA

		

		

		-

		50

		150

		uA

		



		

		

		

		

		

		

		

		

		



		

		No loading, Display ON, All

		

		

		

		

		

		

		



		

		ON

		

		

		

		

		

		

		



		

		Segment Output Current

		Contrast=FFh

		

		-

		100

		-

		

		



		ISEG

		

		

		

		

		

		

		

		uA

		



		

		VDD=2.8V, VCC=12V,

		

		Contrast=AFh

		

		-

		69

		-

		

		



		

		

		

		Contrast=3Fh

		

		-

		25

		-

		

		



		

		IREF=12.5uA, Display ON.

		

		

		

		

		

		

		



		

		

		

		Dev = (ISEG – IMID)/IMID

		

		

		

		

		

		



		Dev

		Segment output current

		IMID = (IMAX + IMIN)/2

		

		-3

		-

		+3

		%

		



		

		uniformity

		ISEG[0:131] = Segment current at

		

		

		

		

		



		

		

		

		

		

		

		

		



		

		

		

		contrast = FFh

		

		

		

		

		

		



		Adj. Dev

		Adjacent pin output current

		Adj Dev = (I[n]-I[n+1]) /

		

		-2

		-

		+2

		%

		



		

		uniformity (contrast = FF)

		(I[n]+I[n+1])
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Conditions:

Voltage referenced to VSS

VDD=1.65 to3.3V

TA = 25°C



Table 13-1 : AC Characteristics



		Symbol

		Parameter

		Test Condition

		Min

		Typ

		Max

		Unit

		



		FOSC (1)

		Oscillation Frequency of Display

		VDD = 2.8V

		333

		370

		407

		kHz

		



		

		Timing Generator

		

		

		

		

		

		



		

		

		

		

		

		

		

		



		FFRM

		Frame Frequency for 64 MUX

		128x64 Graphic Display Mode,

		-

		FOSC x 1/(DxKx64)

		-

		Hz

		



		

		Mode

		Display ON, Internal Oscillator

		

		(2)

		

		

		



		

		

		

		

		

		

		

		



		

		

		Enabled

		

		

		

		

		



		RES#

		Reset low pulse width

		

		3

		-

		-

		us

		









Note



(1) FOSC stands for the frequency value of the internal oscillator and the value is measured when command D5h A[7:4] is in default value.



(2) D: divide ratio (default value = 1)



K: number of display clocks (default value = 54)



Please refer to Table 9-1 (Set Display Clock Divide Ratio/Oscillator Frequency, D5h) for detailed description
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Table 13-2 : 6800-Series MCU Parallel Interface Timing Characteristics (VDD - VSS = 1.65V to 3.3V, TA = 25°C)

		Symbol

		Parameter

		Min

		Typ

		Max

		Unit

		



		tcycle

		Clock Cycle Time

		300

		-

		-

		ns

		



		tAS

		Address Setup Time

		0

		-

		-

		ns

		



		tAH

		Address Hold Time

		0

		-

		-

		ns

		



		tDSW

		Write Data Setup Time

		40

		-

		-

		ns

		



		tDHW

		Write Data Hold Time

		7

		-

		-

		ns

		



		tDHR

		Read Data Hold Time

		20

		-

		-

		ns

		



		tOH

		Output Disable Time

		-

		-

		70

		ns

		



		tACC

		Access Time

		-

		-

		140

		ns

		



		PWCSL

		Chip Select Low Pulse Width (read)

		120

		-

		-

		ns

		



		

		Chip Select Low Pulse Width (write)

		60

		

		

		

		



		

		

		

		

		

		

		



		PWCSH

		Chip Select High Pulse Width (read)

		60

		-

		-

		ns

		



		

		Chip Select High Pulse Width (write)

		60

		

		

		

		



		

		

		

		

		

		

		



		tR

		Rise Time

		-

		-

		40

		ns

		



		

		

		

		

		

		

		



		tF

		Fall Time

		-

		-

		40

		ns

		









Figure 13-1 : 6800-series MCU parallel interface characteristics

[image: ]









































































		SSD1306

		Rev 1.2

		P 53/63

		Jul 2009

		Solomon Systech



		

		

		

		

		







[bookmark: page55]



Table 13-3 : 8080-Series MCU Parallel Interface Timing Characteristics (VDD - VSS = 1.65V to 3.3V, TA = 25°C)

		Symbol

		Parameter

		Min

		Typ

		Max

		Unit



		tcycle

		Clock Cycle Time

		300

		-

		-

		ns



		tAS

		Address Setup Time

		10

		-

		-

		ns



		tAH

		Address Hold Time

		0

		-

		-

		ns



		tDSW

		Write Data Setup Time

		40

		-

		-

		ns



		tDHW

		Write Data Hold Time

		7

		-

		-

		ns



		tDHR

		Read Data Hold Time

		20

		-

		-

		ns



		tOH

		Output Disable Time

		-

		-

		70

		ns



		tACC

		Access Time

		-

		-

		140

		ns



		tPWLR

		Read Low Time

		120

		-

		-

		ns



		tPWLW

		Write Low Time

		60

		-

		-

		ns



		tPWHR

		Read High Time

		60

		-

		-

		ns



		tPWHW

		Write High Time

		60

		-

		-

		ns



		tR

		Rise Time

		-

		-

		40

		ns



		tF

		Fall Time

		-

		-

		40

		ns



		tCS

		Chip select setup time

		0

		-

		-

		ns



		tCSH

		Chip select hold time to read signal

		0

		-

		-

		ns



		tCSF

		Chip select hold time

		20

		-

		-

		ns











Figure 13-2 : 8080-series parallel interface characteristics



		Write Cycle

		



		CS#

		

		

		



		tCS

		

		tCSF

		



		D/C#

		

		

		



		tAS

		tR

		tAH

		



		tF

		

		tcycle

		



		

		

		

		



		WR#

		tPWLW

		tPWHW

		



		

		tDSW

		tDHW
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D[7:0]









		

		Read cycle

		

		

		

		

		

		



		CS#

		

		

		tCSH

		

		

		

		



		

		tCS

		

		

		

		

		

		



		D/C#

		

		

		

		

		

		

		



		

		tAS

		tR

		tAH

		

		

		

		



		

		tF

		

		tcycle

		

		

		

		



		

		

		

		

		

		

		

		



		RD#

		tPWLR

		

		tPWHR

		

		

		

		



		

		tACC

		

		tDHR

		

		

		

		



		D[7:0]

		

		

		

		

		

		

		



		

		

		

		tOH
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Table 13-4 : 4-wire Serial Interface Timing Characteristics



(VDD - VSS = 1.65V to 3.3V, TA = 25°C)

		Symbol

		Parameter

		Min

		Typ

		Max

		Unit



		tcycle

		Clock Cycle Time

		100

		-

		-

		ns



		tAS

		Address Setup Time

		15

		-

		-

		ns



		tAH

		Address Hold Time

		15

		-

		-

		ns



		tCSS

		Chip Select Setup Time

		20

		-

		-

		ns



		tCSH

		Chip Select Hold Time

		10

		-

		-

		ns



		tDSW

		Write Data Setup Time

		15

		-

		-

		ns



		tDHW

		Write Data Hold Time

		15

		-

		-

		ns



		tCLKL

		Clock Low Time

		20

		-

		-

		ns



		tCLKH

		Clock High Time

		20

		-

		-

		ns



		tR

		Rise Time

		-

		-

		40

		ns



		tF

		Fall Time

		-

		-

		40

		ns









Figure 13-3 : 4-wire Serial interface characteristics
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		D/C#

		

		

		



		

		tAS

		t AH

		



		CS#

		t CSS

		tCSH

		



		

		

		

		



		

		

		tcycle
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Table 13-5 : 3-wire Serial Interface Timing Characteristics



(VDD - VSS = 1.65V to 3.3V, TA = 25°C)

		Symbol

		Parameter

		Min

		Typ

		Max

		Unit



		tcycle

		Clock Cycle Time

		100

		-

		-

		ns



		tCSS

		Chip Select Setup Time

		20

		-

		-

		ns



		tCSH

		Chip Select Hold Time

		10

		-

		-

		ns



		tDSW

		Write Data Setup Time

		15

		-

		-

		ns



		tDHW

		Write Data Hold Time

		15

		-

		-

		ns



		tCLKL

		Clock Low Time

		20

		-

		-

		ns



		tCLKH

		Clock High Time

		20

		-

		-

		ns



		tR

		Rise Time

		-

		-

		40

		ns



		tF

		Fall Time

		-

		-

		40

		ns









Figure 13-4 : 3-wire Serial interface characteristics
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Conditions:

VDD - VSS = VDD - VSS = 1.65V to 3.3V

TA = 25°C



Table 13-6 :I2C Interface Timing Characteristics



		Symbol

		Parameter

		Min

		Typ

		Max

		Unit

		



		

		

		

		

		

		

		



		tcycle

		Clock Cycle Time

		2.5

		-

		-

		us

		



		tHSTART

		Start condition Hold Time

		0.6

		-

		-

		us

		



		tHD

		Data Hold Time (for “SDAOUT” pin)

		0

		-

		-

		ns

		



		

		Data Hold Time (for “SDAIN” pin)

		300

		-

		-

		ns

		



		

		

		

		

		

		

		



		tSD

		Data Setup Time

		100

		-

		-

		ns

		



		tSSTART

		Start condition Setup Time (Only relevant for a repeated

		0.6

		-

		-

		us

		



		

		Start condition)

		

		

		

		

		



		

		

		

		

		

		

		



		tSSTOP

		Stop condition Setup Time

		0.6

		-

		-

		us

		



		tR

		Rise Time for data and clock pin

		-

		-

		300

		ns

		



		

		

		

		

		

		

		



		tF

		Fall Time for data and clock pin

		-

		-

		300

		ns

		



		

		

		

		

		

		

		



		tIDLE

		Idle Time before a new transmission can start

		1.3

		-

		-

		us

		











		

		Figure 13-5 : I2C interface Timing characteristics
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Figure 14-1 : Application Example of SSD1306Z with External VCC and I2C interface





The configuration for I2C interface mode is shown in the following diagram:
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SSD1306Z



VCC VCOMH IREF D2  D1	D0	RES#	VDD	VSS



C2

R1

C3



C1



RP	RP



VCC	SDA	SCL	RES#	VDD	VSS



Pin connected to MCU interface: RES#, SDA, SCL

Pin internally connected to VSS: BS0, BS2, CL, D[7:3], E, R/W#, CS#, D/C#, BGGND

Pin internally connected to VDD: BS1, CLS

VBAT, C1P, C1N, C2P, C2N, VBREF, FR should be left open.



C1, C2: 2.2uF (1)

C3: 1.0uF (1)

RP : Pull up resistor





Voltage at IREF = VCC – 2.5V. For VCC = 7.5V, IREF = 12.5uA:

R1 = (Voltage at IREF - VSS) / IREF



· (7.5-2.5) / 12.5u =400KΩ





Note

(1) The capacitor value is recommended value. Select appropriate value against module application.
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[bookmark: page60]Figure 14-2 Application Example of SSD1306Z with Internal Charge Pump and I2C interface





The configuration for I2C interface mode is shown in the following diagram:
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SSD1306Z





VCC	VCOMH	IREF   D2	D1	D0	RES#	VDD   VBAT	VSS	C1N	C1P  C2N C2P



		C2

		

		

		

		

		



		R1

		

		

		

		

		



		

		

		

		C3

		

		



		

		

		

		C5

		C6

		



		C1

		

		

		C4

		

		



		

		

		

		

		

		



		RP

		RP

		

		

		

		



		

		

		

		

		

		



		SDASCL

		RES#

		VDDVBAT

		VSS

		

		





Pin connected to MCU interface: RES#, D[2:0]

Pin internally connected to VSS: BS0, BS2, CL, D[7:3], E, R/W#, CS#, D/C#, BGGND

Pin internally connected to VDD: BS1, CLS

VBREF, FR should be left open.



C1, C2: 2.2uF (1)

C3, C4 : 1.0uF (1)

C5, C6: 1.0uF/10V (1)

RP : Pull up resistor





Voltage at IREF = VCC – 2.5V. For VCC = 7.5V, IREF = 12.5uA:

R1 = (Voltage at IREF - VSS) / IREF



· (7.5-2.5) / 12.5u =400KΩ





Note

(1) The capacitor value is recommended value. Select appropriate value against module application.
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15	PACKAGE INFORMATION



15.1  SSD1306TR1 Detail Dimension



Figure 15-1 SSD1306TR1 Detail Dimension
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Figure 15-2 : SSD1306Z die tray information
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Solomon Systech reserves the right to make changes without notice to any products herein. Solomon Systech makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does Solomon Systech assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any, and all, liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different applications. All operating parameters, including “Typical” must be validated for each customer application by the customer’s technical experts. Solomon Systech does not con-vey any license under its patent rights nor the rights of others. Solomon Systech products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the Solomon Systech product could create a situation where personal injury or death may occur. Should Buyer purchase or use Solomon Systech products for any such unintended or unauthorized application, Buyer shall indemnify and hold Solomon Systech and its offices, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that Solomon Systech was negligent regarding the design or manufacture of the part.





All Solomon Systech Products complied with six (6) hazardous substances limitation requirement per European Union (EU) “Restriction of



Hazardous Substance (RoHS) Directive (2002/95/EC)” and China standard “电子信息产品污染控制标识要求 (SJ/T11364-2006)” with

control Marking Symbol [image: ]. Hazardous Substances test report is available upon requested.
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www.vishay.com  Vishay Semiconductors   

   

  IR Receiver Modules for Remote Control Systems       FEATURES      

     • Improved immunity against HF and RF noise   

     • Low supply current   

     • Photo  detector and preamplifier in one package   

     • Internal filter for PCM frequency   

       

     • Supply voltage: 2.5 V to 5.5 V   

1      • Improved immunity against optical noise   

2      • Insensitive to supply voltage ripple and noise   

3        

16672   

 

 • Material categorization:   

MECHNICAL DATA   for  definitions  of  compliance  please  see   

 www.vishay.com/doc?99912    

    

    Pinning for TSOP44.., TSOP48..:     1=OUT,2=GND,3=V S   Pinning  for TSOP22.., TSOP24..:   1=OUT,2=V S ,3=GND       DESCRIPTION     The TSOP22.., TSOP48.., TSOP24.. and TSOP44.. series  are miniaturized IR receiver modules for infrared remote  control systems. A PIN diode and a preamplifier are  assembled on lead frame, the epoxy package contains an  IR  filter.     The demodulated output signal can be directly connected  to a microprocessor for decoding.     The TSOP24.., TSOP44.. series devices are optimized to  suppress almost all spurious pulses from Wi - Fi and CFL  sources. They may suppress some data signals i f  continuously transmitted.     The TSOP22.., TSOP48.. series devices are  provideddesigns should prefer the TSOP24.., TSOP44..  series containing the newer AGC4.     These components have not been qualified according to  automotive specifications.         PARTS TABLE    

AGC   LEGACY, FOR  RECOMMENDED FOR   

 LONG BURST REMOTE CONTROLS (AGC2)  LONG BURST CODES (AGC4)   
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Package    Mold    

       

Pinning   1=OUT,2=GND,3=V S  1=OUT,2=V S ,3=GND  1=OUT,2=GND,3=V S  1=OUT,2=V S ,3=GND   

Dimensions (mm)   6.0 W x 6.95 H x 5.6 D    

      

Mounting    Leaded    

      

Application    Remote control    

   

Best remote control code  (1)   RC - 5  (2)   RC - 6  (3)   Panasonic  (4)   NEC  (5)   Sharp  (6)   r - step  (7)   Thomson RCA   
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		• Improved immunity against HF and RF noise

		



		

		

		

		

		

		• Low supply current

		



		

		

		

		

		

		• Photo detector and preamplifier in one package

		



		

		

		

		

		

		• Internal filter for PCM frequency

		



		

		

		

		

		

		

		



		

		

		

		

		

		• Supply voltage: 2.5 V to 5.5 V
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		• Improved immunity against optical noise
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		• Insensitive to supply voltage ripple and noise
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Pinning for TSOP44.., TSOP48..:





1=OUT,2=GND,3=VS Pinning for TSOP22.., TSOP24..:

1=OUT,2=VS,3=GND






DESCRIPTION



The TSOP22.., TSOP48.., TSOP24.. and TSOP44.. series are miniaturized IR receiver modules for infrared remote control systems. A PIN diode and a preamplifier are assembled on lead frame, the epoxy package contains an IR filter.



The demodulated output signal can be directly connected to a microprocessor for decoding.



The TSOP24.., TSOP44.. series devices are optimized to suppress almost all spurious pulses from Wi-Fi and CFL sources. They may suppress some data signals if continuously transmitted.



The TSOP22.., TSOP48.. series devices are provideddesigns should prefer the TSOP24.., TSOP44.. series containing the newer AGC4.



These components have not been qualified according to automotive specifications.









PARTS TABLE



		AGC

		

		LEGACY, FOR

		RECOMMENDED FOR

		



		

		

		LONG BURST REMOTE CONTROLS (AGC2)

		LONG BURST CODES (AGC4)

		



		

		

		

		

		



		

		

		

		

		

		

		



		

		30 kHz

		TSOP4830

		TSOP2230

		TSOP4430

		TSOP2430

		



		

		

		

		

		

		

		



		

		33 kHz

		TSOP4833

		TSOP2233

		TSOP4433

		TSOP2433

		



		

		

		

		

		

		

		



		Carrier

		36 kHz

		TSOP4836

		TSOP2236

		TSOP4436 (1)(2)(3)

		TSOP2436 (1)(2)(3)

		



		frequency

		38 kHz

		TSOP4838

		TSOP2238

		TSOP4438 (4)(5)(6)

		TSOP2438 (4)(5)(6)

		



		

		40 kHz

		TSOP4840

		TSOP2240

		TSOP4440

		TSOP2440

		



		

		

		

		

		

		

		



		

		56 kHz

		TSOP4856

		TSOP2256

		TSOP4456 (6)(7)

		TSOP2456 (6)(7)

		



		Package

		

		

		Mold

		

		



		

		

		

		

		

		

		



		Pinning

		

		1=OUT,2=GND,3=VS

		1=OUT,2=VS,3=GND

		1=OUT,2=GND,3=VS

		1=OUT,2=VS,3=GND

		



		Dimensions (mm)

		

		6.0 W x 6.95 H x 5.6 D

		

		



		

		

		

		

		

		



		Mounting

		

		

		Leaded

		

		



		

		

		

		

		

		



		Application

		

		

		Remote control

		

		



		

		

		



		Best remote control code

		(1) RC-5 (2) RC-6 (3) Panasonic (4) NEC (5) Sharp (6) r-step (7) Thomson RCA
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APPLICATION CIRCUIT
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		PIN

		2

		



		

		Control circuit

		



		

		

		










The external components R1 and C1 are optional



to improve the robustness against electrical overstress (typical values are R1 = 100 Ω, C1 = 0.1 µF).







ABSOLUTE MAXIMUM RATINGS





		PARAMETER

		TEST CONDITION

		SYMBOL

		VALUE

		UNIT



		Supply voltage

		

		VS

		-0.3 to +6

		V



		Supply current

		

		IS

		5

		mA



		Output voltage

		

		VO

		-0.3 to 5.5

		V



		Voltage at output to supply

		

		VS-VO

		-0.3 to (VS + 0.3)

		V



		Output current

		

		IO

		5

		mA



		Junction temperature

		

		Tj

		100

		°C



		Storage temperature range

		

		Tstg

		-25 to +85

		°C



		Operating temperature range

		

		Tamb

		-25 to +85

		°C



		Power consumption

		Tamb ≤ 85 °C

		Ptot

		10

		mW



		Soldering temperature

		t ≤ 10 s, 1 mm from case

		Tsd

		260

		°C







Note



· Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect the device reliability.





ELECTRICAL AND OPTICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified)





		PARAMETER

		

		

		TEST CONDITION

		SYMBOL

		MIN.

		TYP.

		MAX.

		UNIT

		



		Supply current

		

		

		Ev = 0, VS = 5 V

		ISD

		0.55

		0.7

		0.9

		mA

		



		

		

		

		Ev = 40 klx, sunlight

		ISH

		-

		0.8

		-

		mA

		



		

		

		

		

		

		

		

		

		

		



		Supply voltage

		

		

		

		

		

		

		

		

		VS

		2.5

		-

		5.5

		V

		



		

		Ev = 0, test signal see fig. 1,

		

		

		

		

		

		



		Transmission distance

		

		

		IR diode TSAL6200,

		d

		-

		45

		-

		m

		



		

		

		

		IF = 200 mA

		

		

		

		

		

		

		



		Output voltage low

		IOSL = 0.5 mA, Ee = 0.7 mW/m2,

		VOSL

		-

		-

		100

		mV

		



		

		

		

		test signal see fig. 1

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		



		

		

		Pulse width tolerance:

		

		

		

		

		

		



		Minimum irradiance

		t

		pi

		- 5/f

		< t

		po

		< t

		pi

		+ 6/f ,

		E

		-

		0.12

		0.25

		mW/m2

		



		

		

		

		o

		

		

		

		

		o

		e min.

		

		

		

		

		



		

		

		

		test signal see fig. 1

		

		

		

		

		

		



		Maximum irradiance

		tpi - 5/fo < tpo < tpi + 6/fo,

		Ee max.

		50

		-

		-

		W/m2

		



		

		

		

		test signal see fig. 1

		

		

		

		

		

		



		Directivity

		Angle of half transmission

		ϕ1/2

		-

		± 45

		-

		deg

		



		

		

		

		

		distance
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TYPICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified)





E e	Optical Test Signal

[image: ]

(IR diode TSAL6200, IF = 0.4 A, 30 pulses, f = f0, t = 10 ms)
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tpi *
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* tpi  [image: ] 10/f0 is recommended for optimal function
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Fig. 1 - Output Active Low
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Fig. 2 - Pulse Length and Sensitivity in Dark Ambient
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		Optical Test Signal

		

		

		



		E e

		

		

		



		600 µs

		600 µs

		t

		



		

		

		

		



		t = 60 ms

		

		

		



		Output Signal, (see fig. 4)
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Fig. 4 - Output Pulse Diagram







1.2
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		f = f0 ± 5 %
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Fig. 5 - Frequency Dependence of Responsivity
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		Fig. 3 - Output Function

		

		Fig. 6 - Sensitivity in Bright Ambient
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VS RMS - AC Voltage on DC Supply Voltage (mV)



Fig. 7 - Sensitivity vs. Supply Voltage Disturbances
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Fig. 8 - Max. Envelope Duty Cycle vs. Burst Length
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21425	λ- Wavelength (nm)



Fig. 10 - Relative Spectral Sensitivity vs. Wavelength
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96 12223p2	drel - Relative Transmission Distance



Fig. 11 - Horizontal Directivity

[image: ]





		

		0.8

		



		2(mW/m)

		0.7

		



		

		0.6

		



		

		

		



		itivity

		0.5

		



		

		0.4

		



		Sens

		0.3

		



		

		

		



		-

		

		



		e min.

		0.2

		



		

		0.1

		



		E

		

		



		

		0

		







2	3	4	5	6





		T   - Ambient Temperature (°C)

		VS - Supply Voltage (V)



		amb

		



		Fig. 9 - Sensitivity vs. Ambient Temperature

		Fig. 12 - Sensitivity vs. Supply Voltage
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SUITABLE DATA FORMAT



This series is designed to suppress spurious output pulses due to noise or disturbance signals. The devices can distinguish data signals from noise due to differences in frequency, burst length, and envelope duty cycle. The data signal should be close to the device’s band-pass center frequency (e.g. 38 kHz) and fulfill the conditions in the table below.



When a data signal is applied to the product in the presence of a disturbance, the sensitivity of the receiver is automatically reduced by the AGC to insure that no spurious pulses are present at the receiver’s output. Some examples which are suppressed are:



• DC light (e.g. from tungsten bulbs sunlight)






Vishay Semiconductors















		IR Signal















		0

		5

		10

		15

		20



		16920

		

		Time (ms)

		

		











· Continuous signals at any frequency



· Strongly or weakly modulated patterns from fluorescent lamps with electronic ballasts (see fig. 13 or fig. 14).



· 2.4 GHz and 5 GHz Wi-Fi




Fig. 13 - IR Disturbance from Fluorescent Lamp

with Low Modulation
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		IR Signal

















		

		0

		5

		10
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		20



		

		16921

		

		Time (ms)

		



		

		Fig. 14 - IR Disturbance from Fluorescent Lamp



		

		

		with High Modulation

		



		

		

		

		



		

		TSOP22.., TSOP48..

		

		TSOP24.., TSOP44..



		

		

		

		

		

		



		Minimum burst length

		10 cycles/burst

		

		

		10 cycles/burst

		



		

		

		

		

		

		



		After each burst of length

		10 to 70 cycles

		

		

		10 to 35 cycles

		



		a minimum gap time is required of

		≥ 12 cycles

		

		

		≥ 12 cycles

		



		

		

		

		

		

		



		For bursts greater than

		70 cycles

		

		

		35 cycles

		



		a minimum gap time in the data stream is needed of

		> 4 x burst length

		

		> 10 x burst length



		

		

		

		

		

		



		Maximum number of continuous short bursts/second

		800

		

		

		1300

		



		

		

		

		

		

		



		NEC code

		Yes

		

		

		Preferred

		



		

		

		

		

		

		



		RC5/RC6 code

		Yes

		

		

		Preferred

		



		

		

		

		

		

		



		Thomson 56 kHz code

		Yes

		

		

		Preferred

		



		

		

		

		

		

		



		Sharp code

		Yes

		

		

		Preferred

		



		

		

		



		

		Mild disturbance patterns

		Complex and critical disturbance patterns



		Suppression of interference from fluorescent lamps

		are suppressed (example:

		are suppressed (example: signal pattern



		

		signal pattern of fig. 13)

		

		of fig. 14 or highly dimmed LCDs)



		

		

		

		

		

		







Note



•	For data formats with short bursts please see the datasheet of TSOP23.., TSOP43..
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PACKAGE DIMENSIONS in millimeters



3.9
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6
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		55)(5.
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		0.5 max.

		



		

		

		2.54 nom.

		



		

		0.7 max.

		1.3

		



		

		

		

		



		

		2.54 nom.

		4.1

		



		

		

		

		



		

		

		5.6

		



		

		marking area

		Not indicated tolerances ± 0.2
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IR Receiver Modules for Remote Control Systems
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Vishay offers stock molded IR receivers in four different packages:



· Loose packed in tubes, mounted on tape for reel or ammopack, or packed bulk in plastic bags.



· Vishay IR receiver with metal holders are packed in plastic trays. Vishay IR receiver with plastic holders are packed in plastic tubes.
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LOOSE PACKED IN TUBE



ORDERING INFORMATION
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		2 or 3 digit product series

		

		2 digit frequency

		





[image: ][image: ]

O = for IR receiver applications

M = for repeater/learning applications

S = for sensor applications



Note



· d = “digit”, please consult the list of available devices create a valid part number.



Example: TSOP4838






FEATURES



· Material categorization:



For definitions of compliance please see www.vishay.com/doc?99912
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AVAILABLE FOR

[image: ]



· TSOP348..



· TSOP344..



· TSOP343..



· TSOP341..



· TSOP44...



· TSOP48...



· TSOP41...



· TSOP324..



· TSOP323..



· TSOP322..



· TSOP321..



· TSOP24...



· TSOP22...



· TSOP21...



· TSOP345..



· TSOP325..



· TSOP43...



· TSOP23...



· TSSP4..



· TSMP4..

[image: ][image: ][image: ]



PACKAGING DIMENSIONS in millimeters
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PACKAGING QUANTITY

[image: ]



• 90 pieces per tube



• 24 tubes per carton

[image: ][image: ][image: ]













Drawing-No.: 9.700-5185.0-4
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Rev. 13;	Date: 20.11.03
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TAPE AND REEL/AMMOPACK



Up to 3 consecutive components may be missing if the gap is followed by at least 6 components. A maximum of 0.5 % of the components per reel quantity may be missing. At least 5 empty positions are present at the start and the end of the tape to enable insertion.



Tensile strength of the tape: > 15 N



Pulling force in the plane of the tape, at right angles to the reel: > 5 N





· 355



· 30
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Label

















Kraftpaper
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		VERSION

		DIMENSION “H”



		

		



		BS

		20 ± 0.5



		

		



		PS

		23.3 ± 0.5



		

		



		OS

		26 ± 0.5
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360





		80079 ammopack-s
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ORDERING INFORMATION
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O = for IR receiver applications	2 or 3 digit	2 digit	SS1 for T and R,

M = for repeater/learning	product series	frequency	bulk or ammopack

applications

S = for sensor applications








ad = Tape dd = Ammopack BS, PS and 12 or 21

or OS    reel





Note



· d = “digit”, please consult the list of available devices create a valid part number.



Example:  TSOP4838SS1BS12



		TSOP2238SS1BS12Z

		

		PACKAGING QUANTITY

		



		

		

		

		



		

		

		• 1000 pieces per reel

		



		

		

		• 1000 pieces per ammopack
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BULK PACKAGING



The option “BK” signifies bulk packaging in conductive plastic bags. A maximum of 0.3 % of the components per box may be missing.



ORDERING INFORMATION
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		2 or 3 digit product series

		

		2 digit frequency

		SS1 for tape and reel,

		Bulk

		



		O = for IR receiver applications

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		bulk or ammopack

		

		

		

		

		



		M = for repeater/learning applications

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		S = for sensor applications
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Note



•	d = “digit”, please consult the list of available devices create a valid part number.



		

		EXAMPLE: TSOP4838SS1BK

		PACKAGING QUANTITY

		



		

		TSOP2238SS1BK

		• 250 pieces per bag (each bag is individually boxed)

		



		

		

		• 6 bags per carton

		



		

		OUTER PACKAGING

		

		



		

		

		

		



		

		CARTON BOX DIMENSIONS in millimeters
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		Thickness

		

		

		

		

		

		

		

		

		

		Length

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		22127

		

		

		

		

		

		Width

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		KINDS OF CARTON BOX

		

		

		

		

		

		THICKNESS

		

		WIDTH

		LENGTH

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Packaging Plastic Tubes

		

		80

		

		

		

		150

		600

		



		(Normal/auxiliary devices)

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Packaging Plastic Trays

		

		120

		

		

		

		290

		490

		



		(Devices with metal holders)

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Tape and Reel Box

		

		400

		

		

		

		310

		410

		



		(Taping in reels)

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Ammo-Box

		

		50

		

		

		

		130

		350

		



		(Zigzag taping)
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		www.vishay.com

		Vishay

		



		

		

		



		

		Disclaimer

		







ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.



Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively, “Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other disclosure relating to any product.



Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all liability arising out of the application or use of any product, (ii) any and all liability, including without limitation special, consequential or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular purpose, non-infringement and merchantability.



Statements regarding the suitability of products for certain types of applications are based on Vishay’s knowledge of typical requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements about the suitability of products for a particular application. It is the customer’s responsibility to validate that a particular product with the properties described in the product specification is suitable for use in a particular application. Parameters provided in datasheets and/or specifications may vary in different applications and performance may vary over time. All operating parameters, including typical parameters, must be validated for each customer application by the customer’s technical experts. Product specifications do not expand or otherwise modify Vishay’s terms and conditions of purchase, including but not limited to the warranty expressed therein.



Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining applications or for any other application in which the failure of the Vishay product could result in personal injury or death. Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.



No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.





Material Category Policy



Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment (EEE) - recast, unless otherwise specified as non-compliant.



Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.



Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as Halogen-Free follow Halogen-Free requirements as per JEDEC JS709A standards. Please note that some Vishay documentation may still make reference to the IEC 61249-2-21 definition. We confirm that all the products identified as being compliant to IEC 61249-2-21 conform to JEDEC JS709A standards.
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