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PCF2119x LCD controllers/drivers Rev. 12 — 16 April 2015



Product data sheet



1. General description The PCF2119x is a low power CMOS1 LCD controller and driver, designed to drive a dot matrix LCD display of 2-lines by 16 characters or 1-line by 32 characters with 5  8 dot format. All necessary functions for the display are provided in a single chip, including on-chip generation of LCD bias voltages, resulting in a minimum of external components and lower system current consumption. The PCF2119x interfaces to most microcontrollers via a 4-bit or 8-bit bus or via the 2-wire I2C-bus. The chip contains a character generator and displays alphanumeric and kana (Japanese) characters. The letter ‘x’ in PCF2119x characterizes the built-in character set. Various character sets can be manufactured on request. In addition 16 user defined symbols (5  8 dot format) are available. For a selection of NXP LCD character drivers, see Table 51 on page 78.



2. Features and benefits  Single-chip LCD controller and driver  2-line display of up to 16 characters plus 160 icons or 1-line display of up to 32 characters plus 160 icons  5  7 character format plus cursor; 5  8 for kana (Japanese) and user defined symbols  Reduced current consumption while displaying icons only  Icon blink function  On-chip:  Configurable 4, 3, or 2 times voltage multiplier generating LCD supply voltage, independent of VDD, programmable by instruction (external supply also possible)  Temperature compensation of on-chip generated VLCDOUT: 0.16 %/K to 0.24 %/K (programmable by instruction)  Generation of intermediate LCD bias voltages  Oscillator requires no external components (external clock also possible)  Display Data RAM (DDRAM): 80 characters  Character Generator ROM (CGROM): 240 characters (5  8)  Character Generator RAM (CGRAM): 16 characters (5  8); 4 characters used to drive 160 icons, 8 characters used if icon blink feature is used in application  4-bit or 8-bit parallel bus and 2-wire I2C-bus interface  Manufactured in silicon gate CMOS process  18 row and 80 column outputs 1.



The definition of the abbreviations and acronyms used in this data sheet can be found in Section 21.
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 Multiplex rates 1:18 (2-line display or 1-line display), 1:9 (for 1-line display of up to 16 characters and 80 icons) and 1:2 (for icon only mode)  Uses common 11 code instruction set (extended)  Logic supply voltage: VDD1  VSS1 = 1.5 V to 5.5 V (chip may be driven with two battery cells)  LCD supply voltage: VLCDOUT  VSS2 = 2.2 V to 6.5 V  VLCD generator supply voltage: VDD2  VSS2 = 2.2 V to 4 V and VDD3  VSS2 = 2.2 V to 4 V  Direct mode to save current consumption for icon mode and multiplex drive mode 1:9 (depending on VDD2 value and LCD liquid properties)  Very low current consumption (20 A to 200 A):  Icon mode: < 25 A  Power-down mode: < 2 A  Icon mode is used to save current. When only icons are displayed, a much lower LCD operating voltage can be used and the switching frequency of the LCD outputs is reduced; in most applications it is possible to use VDD as LCD supply voltage



3. Applications  Telecom equipment  Portable instruments  Point-of-sale terminals
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4. Ordering information Table 1.



Ordering information



Type number



Package Name



Description



Version



PCF2119AU



bare die



168 bumps



PCF2119x



PCF2119DU



bare die



168 bumps



PCF2119x



PCF2119FU



bare die



168 bumps



PCF2119x



PCF2119IU



bare die



168 bumps



PCF2119x



PCF2119RU



bare die



168 bumps



PCF2119x



PCF2119SU



bare die



168 bumps



PCF2119x



4.1 Ordering options Table 2.



Ordering options



Product type number



IC revision



Sales item (12NC)



Delivery form



PCF2119AU/2DA/2



2



935273369033



chips in tray



PCF2119DU/2/2



2



935272743033



chips in tray



PCF2119FU/2/F2



2



935267829033



chips in tray



PCF2119IU/2DA/2



2



935294878033



chips in tray



PCF2119RU/2/F2



2



935263699033



chips in tray



PCF2119RU/2DB/2



2



935293133033



chips in tray



PCF2119SU/2/F2



2



935263700033



chips in tray



5. Marking Table 3.
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Marking codes



Product type number



Marking code



PCF2119AU



PC2119-2



PCF2119DU



PC2119-2



PCF2119FU



PC2119-2



PCF2119IU



PC2119-2



PCF2119RU



PC2119-2



PCF2119SU



PC2119-2
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6. Block diagram &WR&
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',63/$ VDD2 = VDD3



VLCD



LCD supply voltage



pins VLCD, VLCDIN, VLCDOUT



2.2



-



6.5



V



Supplies



Ground supply current using external VLCD[1] ISS



-



70



120



A



VDD = 3 V; VLCD = 5 V



[2]



-



35



80



A



icon mode; VDD = 3 V; VLCD = 2.5 V



[2]



-



25



45



A



-



0.5



5



A



400



A



ground supply current



power-down mode; VDD = 3 V; VLCD = 2.5 V; DB7 to DB0, RS and R/W = 1; OSC = 0; PD = 1 Ground supply current using internal VLCD[1][3] ISS



ground supply current



-



190



VDD = 3 V; VLCD = 5 V



[2]



-



135



400



A



icon mode; VDD = 2.5 V; VLCD = 2.5 V



[2]



-



85



-



A



Logic VI



input voltage



0.5



-



VDD1 + 0.5 V



VIL



LOW-level input voltage



VSS1



-



0.3VDD1



V



VIH



HIGH-level input voltage



0.7VDD1



-



VDD1



V



-



VDD1  1.2 V



Oscillator input; pin OSC VIL



LOW-level input voltage



VSS1



VIH



HIGH-level input voltage



VDD1  0.1 -



VDD1



V



Data bus; pins DB7 to DB0 IOL



LOW-level output current output sink current; VOL = 0.4 V; VDD1 = 5 V



1.6



4



-



mA



IOH



HIGH-level output current output source current; VOH = 4 V; VDD1 = 5 V



1



8



-



mA



Ipu



pull-up current



VI = VSS1



0.04



0.15



1



A



IL



leakage current



VI = VDD1, 2, 3 or VSS1, 2



1



-



+1



A



0.5



-



5.5



V



I2C-bus; pins SDA and SCL Inputs: pins SDA and SCL [4]



VI



input voltage



VIL



LOW-level input voltage



0



-



0.3VDD1



V



VIH



HIGH-level input voltage



0.7VDD1



-



5.5



V



ILI



input leakage current



1



-



+1



A
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Table 37. Static characteristics …continued VDD1 = 1.5 V to 5.5 V; VDD2 = VDD3 = 2.2 V to 4.0 V; VSS = 0 V; VLCD = 2.2 V to 6.5 V; Tamb = 40 C to +85 C; unless otherwise specified. Symbol



Parameter



Ci



input capacitance



Conditions



Min



Typ



Max



Unit



-



5



-



pF



VOL = 0.4 V; VDD1 > 2 V



3



-



-



mA



VOL = 0.2 VDD1; VDD1 < 2 V



2



-



-



mA



Output: pin SDA LOW-level output current output sink current



IOL



LCD outputs output resistance



RO



row output, pins R1 to R18



[5]



-



10



30



k



column output, pins C1 to C80



[5]



-



15



40



k



-



20



130



mV



VLCD < 3 V



-



-



160



mV



VLCD < 4 V



-



-



200



mV



VLCD < 5 V



-



-



260



mV



VLCD < 6 V



-



-



340



mV



Vbias



bias voltage variation



on pins R1 to R18 and C1 to C80



[6]



VLCD



LCD voltage variation



Tamb = 25 C



[3]



[1]



LCD outputs are open-circuit; inputs at VDD or VSS; bus inactive.



[2]



Tamb = 25 C; fosc(ext) = 200 kHz.



[3]



LCD outputs are open-circuit; VLCD generator is on; load current ILCD = 5 A.



[4]



The I2C-bus interface of PCF2119x is 5 V tolerant.



[5]



Resistance of output pins (R1 to R18 and C1 to C80) with a load current of 10 A; outputs measured one at a time; external LCD supply VLCD = 3 V; VDD1 = VDD2 = VDD3 = 3 V.



[6]



LCD outputs open-circuit; external LCD supply.
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15. Dynamic characteristics Table 38. Dynamic characteristics VDD1 = 1.5 V to 5.5 V; VDD2 = VDD3 = 2.2 V to 4.0 V; VSS = 0 V; VLCD = 2.2 V to 6.5 V; Tamb = 40 C to +85 C; unless otherwise specified. Symbol



Parameter



Conditions



Min



Typ



Max



Unit



Clock and oscillator ffr(LCD)



LCD frame frequency



internal clock; VDD = 5.0 V



45



95



147



Hz



fosc



oscillator frequency



not available at any pin



140



250



450



kHz



fosc(ext)



external oscillator frequency



140



-



450



kHz



-



200



300



s



500



-



-



ns



td(startup)(OSC)



[1]



start-up delay time on pin OSC oscillator, after power-down



Timing characteristics of parallel interface[2] Write operation (writing data from microcontroller to PCF2119x); see Figure 34 tcy(en)



enable cycle time



tw(en)



enable pulse width



220



-



-



ns



tsu(A)



address set-up time



50



-



-



ns



th(A)



address hold time



25



-



-



ns



tsu(D)



data input set-up time



60



-



-



ns



th(D)



data input hold time



25



-



-



ns



Read operation (reading data from PCF2119x to microcontroller); see Figure 35 tcy(en)



enable cycle time



500



-



-



ns



tw(en)



enable pulse width



220



-



-



ns



tsu(A)



address set-up time



50



-



-



ns



th(A)



address hold time



25



-



-



ns



td(DV)



data input valid delay time



VDD1 > 2.2 V



-



-



150



ns



VDD1 > 1.5 V



-



-



250



ns



20



-



100



ns



th(D)



data input hold time



Timing characteristics of I2C-bus interface[2]; see Figure 36 fSCL



SCL clock frequency



-



-



400



kHz



tLOW



LOW period of the SCL clock



1.3



-



-



s



tHIGH



HIGH period of the SCL clock



0.6



-



-



s



tSU;DAT



data set-up time



100



-



-



ns



tHD;DAT



data hold time



0



-



-



ns



15 + 0.1 Cb



-



300



ns



15 + 0.1 Cb



-



300



ns



tr



rise time of both SDA and SCL signals



[1][3]



tf



fall time of both SDA and SCL signals



[1][3]



Cb



capacitive load for each bus line



-



-



400



pF



tSU;STA



set-up time for a repeated START condition



0.6



-



-



s



tHD;STA



hold time (repeated) START condition



0.6



-



-



s
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Table 38. Dynamic characteristics …continued VDD1 = 1.5 V to 5.5 V; VDD2 = VDD3 = 2.2 V to 4.0 V; VSS = 0 V; VLCD = 2.2 V to 6.5 V; Tamb = 40 C to +85 C; unless otherwise specified. Symbol



Parameter



tSU;STO



Conditions



Min



Typ



Max



Unit



set-up time for STOP condition



0.6



-



-



s



tSP



pulse width of spikes that must be suppressed by the input filter



-



-



50



ns



tBUF



bus free time between a STOP and START condition



1.3



-



-



s



[1]



Tested on sample base.



[2]



All timing values are valid within the operating supply voltage and ambient temperature range and are referenced to VIL and VIH with an input voltage swing of VSS to VDD.



[3]



Cb = total capacitance of one bus line in pF.
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Fig 34. Parallel bus write operation sequence; writing data from microcontroller to PCF2119x



56



9,+ 9,/



9,+ 9,/ WVX$ 



5:



WK$ 9,+



9,+ WZHQ 



(



9,+



WK$ 9,+



9,/



9,/ WG'9 92+ 92/



'%WR'%



9,/ WK' 92+ 92/ PEN



WF\HQ 



Fig 35. Parallel bus read operation sequence; writing data from PCF2119x to microcontroller PCF2119X
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6'$
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Fig 36. I2C-bus timing diagram



16. Application information 16.1 General application information Experience showed that the external capacitors (Cext) in an application should be



• from pins VLCD to VSS  100 nF and • for pins VDD to VSS  470 nF. Higher capacitor values are recommended for ripple reduction, but depending on the application lower values may also lead to a good optical performance. The most suitable capacitor values can be found by testing the application and can be applied as long as they do not violate the specifications given in Section 13 to Section 15. The capacitors should be placed as close as possible to the display connections on the PCB. For COG applications the recommended ITO track resistance is to be minimized for the I/O and supply connections. Optimized values for these tracks are below 50  for the supply and below 100  for the I/O connections. Higher track resistance reduce performance and increase current consumption. To avoid accidental triggering of Power-On Reset (POR) (especially in COG applications), the supplies must be adequately decoupled. Depending on power supply quality, VDD1 may have to be risen above the specified minimum. When external LCD supply voltage is supplied, VLCDOUT should be left open-circuit to avoid any stray current, and VLCDIN must be connected to VLCDSENSE. The PCF2119x I2C-bus interface is compatible with systems, where the I2C pull-up resistors are connected to a 5 V 10 % supply.
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16.2 Power supply connections for internal VLCD generation 



9''



9'' 9''



9WR9



9'' 9''



966 966



*1'



966 966



9WR9



9''



9WR9 *1'







DDD



DDD



Drawings are showing alternative circuits. Decoupling capacitors are not shown in the drawings.



Fig 37. Recommended VDD connections for internal VLCD generation











9/&',1 9/&'287



966



9/&'6(16( DDD



The value of the capacitor should be at least 100 nF.



Fig 38. Recommended VLCD connections for internal VLCD generation



16.3 Power supply connections for external VLCD generation 9WR9



9''



9WR9



9'' 9''



*1'



966 966



9WR9



9'' 9'' 9''



*1'



DDD



966 966 DDD



Drawings are showing alternative circuits. Decoupling capacitors are not shown in the drawings.



Fig 39. Recommended VDD connections for external VLCD generation



9/&',1 9/&'H[W 966



QF



9/&'287 9/&'6(16( DDD



The value of the capacitor should be at least 100 nF.



Fig 40. Recommended VLCD connections for external VLCD generation
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Remark: When using an external VLCD, the internal VLCD generator must never be switched on and direct mode must be avoided otherwise damages will occur.



16.4 Information about VLCD connections VLCDIN — This input is used for generating the 5 LCD bias levels. It is the power supply for the bias level buffers. VLCDOUT — This is the VLCD output if VLCD is generated internally. In this case pin VLCDOUT must be connected to VLCDIN and to VLCDSENSE. If VLCD is generated externally, VLCDOUT must be left unconnected. VLCDSENSE — This input is used for the voltage multiplier’s regulation circuitry. When using the internal VLCD generation, this pin must be connected to VLCDOUT and VLCDIN. When using an external VLCD supply it must be connected to VLCDIN only.



16.5 Reducing current consumption Reducing current consumption can be achieved by one of the options given in Table 39. When VLCD lies outside the VDD range and must be generated, it is usually more efficient to use the on-chip VLCD generator than an external regulator. Table 39.



Reducing current consumption



Original mode



Alternative mode



character mode



icon mode (control bit IM)



display on



display off (control bit D)



VLCD generator operating



direct mode



any mode



power-down mode (pin PD)



16.6 Charge pump characteristics Typical graphs of the total power consumption of the PCF2119x using the internal charge pump are illustrated in Figure 41, Figure 42 and Figure 43. The graphs were obtained under the following conditions:



• • • • • •



Tamb = 25 C VDD1 = VDD2 = VDD3 = 2.2 V (minimum), 2.7 V (typical) and 4.0 V (maximum) Normal mode fosc = internal oscillator multiplex drive mode 1:18 Typical current load for ILCD = 10 A.



For each multiplication factor there is a separate line. The line ends where it is not possible to get a higher voltage under its conditions (a higher multiplication factor is needed to get higher voltages). Connecting different displays may result in different current consumption. This affects the efficiency and the optimum multiplication factor to be used to generate a certain output voltage.
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(1) 2  multiplication factor. (2) 3  multiplication factor. (3) 4  multiplication factor.



Fig 41. Typical charge pump characteristics (a), VDD = 2.2 V
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(1) 2  multiplication factor. (2) 3  multiplication factor. (3) 4  multiplication factor.



Fig 42. Typical charge pump characteristics (b), VDD = 2.7 V
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(1) 2  multiplication factor. (2) 3  multiplication factor. (3) 4  multiplication factor.



Fig 43. Typical charge pump characteristics (c), VDD = 4.0 V



16.7 Interfaces
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(CLID) Receiver with Ring Detector MC14LC5447 - NXP 

a carrier detect circuit and ring detector which may be used to power up the device. ... Two Stage Powerâ€“Up for Power Management Control .... Description.
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NXP 80C31, 80C32 Data Sheet - HxC2001 

2000 Aug 07. INTEGRATED CIRCUITS ... oscillator and clock circuits. In addition, the device is a low power static design which offers a wide range of operating ...
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87C52 80C51 8-bit microcontroller family - NXP 

Aug 7, 2000 - 2000 Aug 07. INTEGRATED CIRCUITS ... the RAM, timers, serial port, and interrupt system to continue functioning. ..... (See DC Electrical Characteristics: IIL). ... T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction control.
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87C52 80C51 8-bit microcontroller family - NXP 

Aug 7, 2000 - All rights reserved. Printed in U.S.A.. Date of release: 08-00. Document order number: 9397 750 07404. Philips. Semiconductors. Data sheet.
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MPX4115, Integrated Silicon Pressure Sensor Altimeter - NXP 

1. The MPX4115A BAP Sensor is available in the Basic Element package or with pressure port fittings that provide mounting ease and barbed hose connections.
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Semiconductors for Wireless Communications Functional index 

Jul 26, 1999 - Hands free IC. 2006 ... Universal LCD driver for low multiplex rates. 122 ... LCD row/column driver for dot matrix graphic displays. 1115.
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A new roadmap for the analysis of power semiconductors - eufanet 

Erosive material analysis. Transmission electron microscopy. (TEM). Non-destructive methods. Encapsulation-destructive, power device remains functional.
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CPU08RM, CPU08 Central Processor Unit - Reference Manual - NXP 
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