
 

AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 

 
PROPOSTA COMERCIAL 

 
OBJETO: Registro de Preços para fornecimento de equipamentos móveis (notebooks), conforme condições, 
quantidades e exigências estabelecidas no Edital e anexos. 
Empresa: Positivo Tecnologia S/A (Filial) 
CNPJ: 81.243.735/0019-77 
Endereço: Rua Javari, 1255 - Lote 257-B - Distrito Industrial I - Manaus/AM - CEP 69.075-110 
Telefone: (41) 3239-7794 / (41) 3312-3677 / (41) 3239-7928 
E-mail: andamento@positivo.com.br / contratosgov@positivo.com.br  

 
À 
CENTRAL DE COMPRAS 
 
Em atendimento ao Edital do Pregão à epígrafe, apresentamos a seguinte proposta de preços: 
 

 
 
Declaramos que os itens constantes desta proposta correspondem exatamente às especificações 
descritas no Termo de Referência do Edital, às quais aderimos formalmente. 
 
PRAZO DE VALIDADE DA PROPOSTA: 60 (sessenta) dias, a contar da data de sua apresentação. 
 
PRAZO DE GARANTIA DO OBJETO: Os notebooks e baterias possuem garantia técnica da Positivo pelo 
período de 36 (trinta e seis) meses, com serviço de suporte e assistência técnica no local (on-site), 
manutenção preventiva e corretiva, compreendendo a substituição e reposição de componentes, periféricos 
e peças, em todas as localidades do país. O prazo de garantia será contado a partir da data de emissão do 
documento "Termo de Recebimento Definitivo" dos bens. 
O serviço de assistência técnica em GARANTIA cobrirá todos os procedimentos técnicos destinados ao 
reparo de eventuais falhas apresentadas nos equipamentos, de modo a restabelecer seu normal estado de 
uso e dentre os quais se incluem a substituição de peças de hardware, ajustes e reparos técnicos em 
conformidade com manuais e normas técnicas especificadas pela Positivo ou a troca técnica (substituição) 
de equipamento avariado por outro novo (sem uso), no mesmo modelo e padrão apresentado na PROPOSTA 
ou superior. 
O atendimento ocorrerá em até 2 (dois) dias úteis a contar da data de abertura do chamado (por e-mail, ou 
portal web) e o prazo para solução de problemas será de até 5 (cinco) dias úteis para capitais e 15 (quinze) 
dias úteis para demais localidades, contados após a abertura do chamado, incluindo a troca de peças e/ou 
componentes mecânicos ou eletrônicos. 

GRUPO ITEM DESCRIÇÃO 
MARCA / 

FABRICANTE 
MODELO 

ORIGEM 
DO 

PRODUTO 
UN. QUANT. 

PREÇO 
UNITÁRIO 

R$ 

PREÇO 
TOTAL 

R$ 

2 

3 Notebook 
convencional de 
alto desempenho 

VAIO / 
POSITIVO 

TECNOLOGIA 
S/A 

VAIO FH15 Nacional  UN  

6.117 

R$ 4.872,00 

R$ 29.802.024,00 

4 8.987 R$ 43.784.664,00 

PREÇO TOTAL POR EXTENSO:  R$ 73.586.688,00 (Setenta e três milhões, quinhentos e oitenta e seis mil e seiscentos e oitenta e oito 
reais) 
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PRAZO DE ENTREGA DO OBJETO: A Entrega dos equipamentos será efetivada no prazo máximo de 60 
(sessenta) dias corridos para as capitais dos estados e de 75 (setenta e cinco) dias corridos para as 
demais localidades, a contar do recebimento da Ordem de Fornecimento de Bens (OFB), emitida pela 
Contratante, podendo ser prorrogada, excepcionalmente, por até igual período, desde que justificado 
previamente pela Positivo e autorizado pela Contratante. Não será computado no prazo de entrega do 
equipamento o período no qual o Contratante esteja realizando o procedimento de confecção da imagem 
padrão, incluindo seu encaminhamento para a Positivo. Para as OFBs com quantidade superior a 200 
(duzentos) equipamentos, será considerado um prazo máximo de 90 (noventa) dias corridos (a contar 
da emissão da OFB) para entrega completa da demanda, devendo ser entregue, a primeira parcela, conforme 
regra de prazo prevista no item 4.5.1 do Anexo I – Termo de Referência do Edital, contado da emissão da 
OFB com quantitativo dessa primeira parcela não inferior a 30% do total contratado, conforme definido no 
Anexo I – Termo de Referência do Edital. 
 
Declaramos que: 

a) Os equipamentos ofertados, caso necessário, receberão atendimento de garantia na rede de 
assistência autorizada pela Positivo Tecnologia; 

b) Informaremos os preços unitários dos equipamentos, das peças e dos componentes que integram o 
objeto da licitação sempre que solicitado pela CONTRATANTE, para fins de registro patrimonial; 

c) Serão fornecidas peças de reposição originais durante todo o período de garantia, podendo também 
ser utilizadas peças de tecnologia mais recente, também originais, de desempenho igual ou superior. 
 

 
TABELA DE CONFORMIDADE TÉCNICA 
Para os ITENS 3 e 4 do Grupo 2, foram preenchidas separadamente a tabela apresentada em anexo. 
 

DADOS PARA ASSINATURA DA ATA DE RP E DO CONTRATO 
Nome do signatário: Aldejunio de Oliveira 
Cargo: Representante Comercial/Representante Legal 
Qualificação: Brasileiro, casado, empresário, natural de Brasília/DF, portador do RG nº 1.715.843 SSP/DF, 
inscrito no CPF/MF sob o nº 610.214.401.59, residente e domiciliado na CA 02 Bloco F Apto 117, Lago 
Norte, na Cidade de Brasília, Estado de Distrito Federal. 
OBS.: O signatário possui poderes de administração estabelecidos em substabelecimento, com poderes 
para assinar atas de registro de preços e contratos em nome da empresa. 
A documentação comprobatória será encaminhada quando da assinatura da ata de registro de preços. 

 
A Positivo declara que cumpre os requisitos do Decreto n. 7.174, de 2010, estando apta a usufruir dos critérios 
de preferência. 
 
“Nos preços unitários e totais apresentados nesta proposta estão inclusos todos os impostos vigentes até 
esta data.” 
 
Em decorrência da aplicação da isenção prevista nos termos dos Convênios ICMS, para os casos em que 
couber, conforme dispositivos legais de cada Unidade Federativa, o valor equivalente ao ICMS devido à título 
de DIFAL isento foi excluído do preço no formato de desconto, mantendo os preços finais iguais para todos 
os estados. 
 
 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal   
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AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 

 
 

DECLARAÇÃO 
 
POSITIVO TECNOLOGIA S/A (Filial), pessoa jurídica de direito privado, estabelecida na Rua Javari, 1255 - 
Lote 257-B - Distrito Industrial I - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.º 81.243.735/0019-77, 
declara como fabricante dos equipamentos ofertados para o pregão em referência que:  
 

▪ Cumpre os requisitos do Decreto n. 7.174, de 2010, estando apta a usufruir dos critérios de 
preferência. 

▪ Em atendimento às diretrizes da Lei nº 12.305/2010, que institui a Política Nacional de Resíduos 
Sólidos, se responsabiliza pelo mecanismo de logística reversa, de coleta, reciclagem e correta 
destinação dos resíduos sólidos. 

▪ Os equipamentos são aderentes às diretrizes sociais, ambientais e culturais constantes na Lei nº 
12.305, de 2 de agosto de 2010, que Institui a Política Nacional de Resíduos Sólidos, além dos 
normativos relativos à sustentabilidade ambiental aplicáveis. 

▪ Priorizará para o fornecimento do objeto, a utilização de bens que sejam no todo ou em parte 
compostos por materiais recicláveis, atóxicos e biodegradáveis, no que couber. 

 
 
 
 
 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal   
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AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 

 
 

DECLARAÇÃO 
 
 
POSITIVO TECNOLOGIA S/A (Filial), pessoa jurídica de direito privado, estabelecida na Rua Javari, 1255 - 
Lote 257-B - Distrito Industrial I - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.º 81.243.735/0019-77, 
declara como fabricante dos equipamentos ofertados para o pregão em referência que:  

• Todos os equipamentos fornecidos são novos (incluindo todas as peças e componentes presentes 
nos produtos), de primeiro uso (sem sinais de utilização anterior), não recondicionados e em fase de 
comercialização normal através dos canais de venda da Positivo no Brasil (não sendo produtos end-

of-life). 
• Todos os componentes do(s) equipamento(s) e respectivas funcionalidades são compatíveis entre si, 

sem a utilização de adaptadores, frisagens, pinturas, usinagens em geral, furações, emprego de 
adesivos, fitas adesivas ou quaisquer outros procedimentos não previstos nas especificações 
técnicas ou, ainda, com emprego de materiais inadequados ou que visem adaptar forçadamente o 
produto ou suas partes que sejam fisicamente ou logicamente incompatíveis. 

• Todos os componentes internos do(s) equipamento(s) estarão instalados de forma organizada e livres 
de pressões ocasionados por outros componentes ou cabos, que possam causar desconexões, 
instabilidade, ou funcionamento inadequado. 

• O número de série de cada equipamento será obrigatório e único, afixado em local visível, na parte 
externa do gabinete e na embalagem que o contém. Esse número é identificado pela Positivo, como 
válido para o produto entregue e para as condições do mercado brasileiro no que se refere à garantia 
e assistência técnica no Brasil. 

• Estamos cientes que serão recusados os produtos que possuam componentes ou acessórios com 
sinais claros de oxidação, danos físicos, sujeira, riscos ou outro sinal de desgaste, mesmo sendo o 
componente ou acessório considerado como novos pelo fornecedor dos produtos. 

• Os produtos, considerando a marca e modelo apresentados na licitação, não estão e não estarão fora 
de linha comercial, considerando a data de LICITAÇÃO (abertura das propostas). Os produtos serão 
fornecidos completos e prontos para a utilização, com todos os acessórios, componentes, cabos etc. 

• Todas as licenças, referentes aos softwares e drivers solicitados, estão registrados para utilização do 
Contratante, em modo definitivo (licenças perpétuas), legalizado, não sendo versões “shareware” ou 
“trial”. O modelo do produto ofertado pelo licitante está em fase de produção pelo fabricante (no 
Brasil), sem previsão de encerramento de produção, até a data de entrega da proposta. 

• A Contratante poderá optar por avaliar a qualidade de todos os equipamentos fornecidos ou uma 
amostra dos equipamentos, atentando para a inclusão nos autos do processo administrativo de todos 
os documentos que evidenciem a realização dos testes de aceitação em cada equipamento 
selecionado, para posterior rastreabilidade. 

• Ciente que somente haverá o recebimento definitivo, após a análise da qualidade dos bens e/ou 
serviços, em face da aplicação dos critérios de aceitação, resguardando-se ao Contratante o direito 
de não receber o OBJETO cuja qualidade seja comprovadamente baixa ou em desacordo com as 
especificações definidas no Termo de Referência – situação em que poderão ser aplicadas à 
Contratada as penalidades previstas em lei, neste Termo de Referência e no contrato. Quando for o 
caso, a empresa será convocada a refazer todos os serviços rejeitados, sem custo adicional. 
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• Os componentes internos são homologados e testados (individualmente e em conjunto) pelo 
fabricante, assim, não tendo a adição ou subtração de qualquer elemento do equipamento pelo 
licitante. Os componentes do microcomputador (gabinete, teclado e mouse) são do mesmo fabricante. 

• Todas as funcionalidades dos produtos são alcançadas mediante conexões integradas aos produtos, 
ou seja, não tendo mecanismos intermediários, nem hardwares adicionais (externos ou internos), 
exceto nos casos claramente permitidos pelo Contratante ou mediante aprovação escrita. 

• Todos os componentes que fazem parte do(s) equipamento(s) atendem às especificações técnicas 
mínimas apresentadas na seção 2 do Termo de Referência. Cientes que serão aceitos componentes 
de configuração superior à requerida, desde que haja total compatibilidade entre todos os 
componentes presentes nos produtos, porém, a avaliação de conformidade será realizada de forma 
independente onde não serão aceitas configurações superiores para determinado item em detrimento 
da oferta de configuração inferior para outros itens. A configuração será verificada utilizando a 
definição nominal do fabricante, independente de desempenho. 

• Todos os produtos fornecidos (correspondentes a cada item), bem como seus componentes, 
acessórios ou periféricos são rigorosamente iguais, tanto em estrutura física, formato, capacidade, 
características construtivas, características técnicas, drivers, marca e modelo. 

• Os produtos são acondicionados em embalagens individuais, lacradas, com o menor volume possível 
desenvolvidas para o produto, o qual se utiliza para as embalagens de materiais recicláveis e de 
modo a garantir um transporte seguro em quaisquer condições e limitações que possam ser 
encontradas, além de possibilitar o armazenamento e estocagem de forma segura. 

• O fabricante do(s) equipamento(s) conta com serviço de assistência técnica em nível nacional, para 
o modelo ofertado pela LICITANTE. 

• Na hipótese de a verificação a que se refere o subitem anterior não ser procedida dentro do prazo 
fixado, reputar-se-á como realizada, consumando-se o recebimento definitivo no dia do esgotamento 
do prazo. 

• O recebimento provisório ou definitivo do objeto não exclui a responsabilidade da contratada pelos 
prejuízos resultantes da incorreta execução do contrato. 

• Cientes que serão aceitos para fins de emissão de Termo de Recebimento Definitivo: 
a) aqueles equipamentos que se encontram em operação atendendo a finalidade de comunicação 

a que se destinam. 
b) os equipamentos fornecidos que atendam à configuração mínima descrita no termo de referência 

e que estejam em funcionamento de acordo com as condições estabelecidas no Termo de 
Referência. 

• Cientes que será REJEITADO, no todo ou em parte, o bem e/ou serviço fornecido em desacordo com 
as especificações constantes no TERMO DE REFERÊNCIA e seus ANEXOS. Ainda, conforme o art. 
69 da Lei 8.666/1993, a contratada é obrigada a reparar, corrigir, remover, reconstruir ou substituir, 
às suas expensas, no total ou em parte, o objeto do contrato em que se verificarem vícios, defeitos 
ou incorreções resultantes da execução ou de materiais empregados. 

• Só haverá o recebimento definitivo, após a análise da qualidade dos bens e/ou serviços, em face da 
aplicação dos critérios de aceitação, resguardando-se ao CONTRATANTE o direito de não receber o 
OBJETO cuja qualidade seja comprovadamente baixa ou em desacordo com as especificações 
definidas no Termo de Referência – situação em que poderão ser aplicadas à contratada as 
penalidades previstas em lei, no Termo de Referência e no CONTRATO. Quando for o caso, a 
empresa será convocada a refazer todos os serviços rejeitados, sem custo adicional. 

 
 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal   
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AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 
 

DECLARAÇÃO DE GARANTIA 
 
POSITIVO TECNOLOGIA S/A (Filial), pessoa jurídica de direito privado, estabelecida na Rua Javari, 1255 - 
Lote 257-B - Distrito Industrial I - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.º 81.243.735/0019-77, 
declara como fabricante dos equipamentos ofertados para o pregão em referência que:  
 

• Os notebooks e as baterias possuem garantia técnica da Positivo pelo período de 36 (trinta e seis) 
meses, com serviço de suporte e assistência técnica no local (on-site), manutenção preventiva e 
corretiva, compreendendo a substituição e reposição de componentes, periféricos e peças, em todas 
as localidades do país. 

• O prazo de garantia será contado a partir da data de emissão do documento "TERMO DE 
RECEBIMENTO DEFINITIVO" dos bens. 

• A garantia dos equipamentos será provida pela Positivo. 
• O acionamento do serviço de assistência técnica em GARANTIA estará disponível preferencialmente 

através de central telefônica DDG (0800 644 6591), por e-mail (positivo.delta@positivo.com.br) ou 
diretamente via website (http://positivo.assistonline.com.br), ambos em língua portuguesa 
(Português-BR) para operacionalização da abertura de chamados e fornecimento de número de 
protocolo a fim de realizar o acompanhamento e monitoramento das solicitações. 

• O serviço de assistência técnica em GARANTIA cobrirá todos os procedimentos técnicos destinados 
ao reparo de eventuais falhas apresentadas nos equipamentos, de modo a restabelecer seu normal 
estado de uso e dentre os quais se incluem a substituição de peças de hardware, ajustes e reparos 
técnicos em conformidade com manuais e normas técnicas especificadas pela Positivo ou a troca 
técnica (substituição) de equipamento avariado por outro novo (sem uso), no mesmo modelo e padrão 
apresentado na PROPOSTA ou superior. 

• O atendimento ocorrerá em até 2 (dois) dias úteis a contar da data de abertura do chamado (por e-
mail, ou portal web) e o prazo para solução de problemas será de até 5 (cinco) dias úteis para capitais 
e 15 (quinze) dias úteis para demais localidades, contados após a abertura do chamado, incluindo a 
troca de peças e/ou componentes mecânicos ou eletrônicos. 

• Possui site na internet com a disponibilização de manuais, drivers, firmwares e todas as atualizações 
existentes relativas ao equipamento ofertado, através do link: 
(https://www.positivoempresas.com.br/suporte-tecnico/)  / 
(https://www.positivoempresas.com.br/catalogos/ )  

• Durante toda vigência do contrato e da garantia, será mantida base de conhecimento de problemas, 
bem como o histórico dos reparos ou substituições para os equipamentos fornecidos, através do link:  
http://positivo.assistonline.com.br. 

 
 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal   
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AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 
 
 

DECLARAÇÃO 
 
 
 

Retorno de Equipamentos: A Positivo Tecnologia oferece serviço de coleta dos equipamentos, ao 
final da vida útil, através de solicitação e em condições a serem negociadas. Para utilização deste serviço e 
orçamento basta o cliente entrar em contato com a Central de Relacionamento Positivo pelo 0800-644-6591. 
  
 Prazo de Fornecimento de Peças de Reposição: A Positivo Tecnologia garante a disponibilidade de 
peças, sob orçamento, de equipamentos dentro do período de até 5 (cinco) anos após a fabricação do mesmo. 
Para obter maiores informações sobre a aquisição de peças de reposição para equipamentos fora da garantia, 
basta o cliente entrar em contato com a Central de Relacionamento Positivo pelo 0800-644-6591. A peça 
disponibilizada terá funcionamento equivalente ou superior ao da peça original. O prazo de fornecimento das 
peças será conforme disponibilidade. 
  
 Serviço de Manutenção Adicional: A Positivo Tecnologia disponibiliza o Serviço de Manutenção por 
até 36 (trinta e seis) meses adicionais após o vencimento da garantia contratada, mediante orçamento. Para 
a utilização deste serviço, o cliente deverá formalizar o interesse no ato da compra do equipamento.  
 
 
 
 
 
 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal   
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AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 
 
 

DECLARAÇÃO 
 
 
 

POSITIVO TECNOLOGIA S/A (Filial), pessoa jurídica de direito privado, estabelecida na Rua Javari, 1255 - 
Lote 257-B - Distrito Industrial I - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.º 81.243.735/0019-77, 
declara como fabricante dos equipamentos ofertados para o pregão em referência que conhece, aceita e se 
submete as cláusulas do Edital e seus anexos, bem como, atende plenamente a todos os requisitos do edital, 
esclarecimentos adicionais, se for o caso.  
 
 
 
 
 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal   
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CONDIÇÕES GERAIS 
 

PRAZO DE ENTREGA  : A Entrega dos equipamentos será efetivada no prazo máximo de 60 
(sessenta) dias corridos para as capitais dos estados e de 75 (setenta e 
cinco) dias corridos para as demais localidades, a contar do recebimento 
da Ordem de Fornecimento de Bens (OFB), emitida pela Contratante, 
podendo ser prorrogada, excepcionalmente, por até igual período, desde que 
justificado previamente pela Positivo e autorizado pela Contratante. Não será 
computado no prazo de entrega do equipamento o período no qual o 
Contratante esteja realizando o procedimento de confecção da imagem 
padrão, incluindo seu encaminhamento para a Positivo. Para as OFBs com 
quantidade superior a 200 (duzentos) equipamentos, será considerado 
um prazo máximo de 90 (noventa) dias corridos (a contar da emissão da 
OFB) para entrega completa da demanda, devendo ser entregue, a primeira 
parcela, conforme regra de prazo prevista no item 4.5.1 do Anexo I – Termo 
de Referência do Edital, contado da emissão da OFB com quantitativo dessa 
primeira parcela não inferior a 30% do total contratado, conforme definido no 
Anexo I – Termo de Referência do Edital. 

   
VALIDADE DA PROPOSTA : 60 (sessenta) dias, a contar da data de sua apresentação. 
 
 

  

VALIDADE DA ATA DE 
REGISTRO DE PREÇOS 

: 12 (doze) meses, contado a partir do primeiro dia útil subsequente à data 
de divulgação no PNCP.  

 
 

  

CONDIÇÕES DE PAGAMENTO : Até 10 (dez) dias úteis, contados da finalização da liquidação da despesa, 
nos termos da Instrução Normativa SEGES/ME nº 77, de 2022. 
 

   
GARANTIA : Os notebooks e as baterias possuem garantia técnica da Positivo pelo 

período de 36 (trinta e seis) meses, com serviço de suporte e assistência 
técnica no local (on-site), manutenção preventiva e corretiva, 
compreendendo a substituição e reposição de componentes, periféricos e 
peças, em todas as localidades do país. O prazo de garantia será contado a 
partir da data de emissão do documento "Termo de Recebimento Definitivo" 
dos bens. 
O serviço de assistência técnica em GARANTIA cobrirá todos os 
procedimentos técnicos destinados ao reparo de eventuais falhas 
apresentadas nos equipamentos, de modo a restabelecer seu normal estado 
de uso e dentre os quais se incluem a substituição de peças de hardware, 
ajustes e reparos técnicos em conformidade com manuais e normas técnicas 
especificadas pela Positivo ou a troca técnica (substituição) de equipamento 
avariado por outro novo (sem uso), no mesmo modelo e padrão apresentado 
na PROPOSTA ou superior. 
O atendimento ocorrerá em até 2 (dois) dias úteis a contar da data de 
abertura do chamado (por e-mail, ou portal web) e o prazo para solução de 
problemas será de até 5 (cinco) dias úteis para capitais e 15 (quinze) dias 
úteis para demais localidades, contados após a abertura do chamado, 
incluindo a troca de peças e/ou componentes mecânicos ou eletrônicos. 

 
Curitiba, 15 de dezembro de 2023.  
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal 
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ESPECIFICAÇÕES TÉCNICAS 
 

Item  : GRUPO 2 
Marca  : VAIO 
Modelo  : VAIO FH15 
Fabricante : POSITIVO TECNOLOGIA S.A. 
Procedência : NACIONAL 
Quantidade : ITEM 3 – 6.117 (SEIS MIL, CENTO E DEZESSETE) UNIDADES 
Quantidade : ITEM 4 – 8.987 (OITO MIL, NOVECENTAS E OITENTA E SETE) UNIDADES 

 

Os equipamentos serão fornecidos nas especificações/configurações abaixo: 

 
 

DESCRIÇÃO DOS REQUISITOS PARA NOTEBOOKS Página ITEM 2 OBSERVAÇÕES 

1 OBSERVAÇÕES GERAIS  TIPO I  

1.1 
O equipamento  possui todos os componentes e as 
mesmas características descritas no edital, sendo 
aceitos componentes e especificações superiores; 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

1.2 

Não serão utilizados configurações e ajustes que 
impliquem no funcionamento do equipamento fora as 
condições normais recomendadas pelo fabricante, ou dos 
componentes, tais como, alterações de frequência de 
clock (overclock), características de disco ou de memória, 
e drivers não recomendados pelo fabricante do 
equipamento. 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

2 PLACA PRINCIPAL  TIPO I  

2.1 
Possui instruções que implementam extensões de 
virtualização de I/O; 

Intel Core i7-12650H 
– PG.03 

Exigido 
Atende ao 
solicitado 

2.2 
Suporte ao Módulo de Plataforma Confiável (TPM), 
versão 2.0. Forma de implementação do TPM: integrada. 

VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

3 BIOS  TIPO I  

3.1 
Tipo flash EPROM, atualizável por software, compatível 
com o padrão plug-and-play; 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

3.2 

Possui recursos de controle de permissão através de 
senhas, uma para inicializar o computador e outra para 
acesso e alterações das configurações do BIOS; 

Declaração Técnica 
Grupo 2 – PG.01 Exigido 

Atende ao 
solicitado 

3.3 Suporta Boot por dispositivos USB e por rede; 
Declaração Técnica 

Grupo 2 – PG.01 
Exigido 

Atende ao 
solicitado 

DocuSign Envelope ID: 9004C787-147F-4521-9474-1A29135B3C6E



 

3.4 

Permite a inserção de código de identificação do 
equipamento na própria BIOS (número do patrimônio ou 
número de série - quanto este não vier identificado na 
própria BIOS); 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

3.5 
BIOS com reprogramação via software devidamente 
licenciado para os equipamentos disponibilizados via 
download no sítio do fabricante do equipamento; 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

4 PROCESSADOR  TIPO I  

4.1 

Com arquitetura x86 corporativa (Intel Core i7), com 
suporte 32 e 64 bits, utilização de sistemas operacionais 
de 64 bits e controlador de memória, com extensões de 
virtualização 

Intel Core i7-12650H 
– PG.01, 02 e 03 

Exigido 
Atende ao 
solicitado 

4.2 Quantidade de núcleos reais 
Intel Core i7-12650H 

– PG.01 
8 

Atende ao 
solicitado 

4.3 Quantidade de Threads 
Intel Core i7-12650H 

– PG.01 
16 

Atende ao 
solicitado 

4.4 

O modelo do processador ofertado é explicitado na 
proposta de fornecimento. O processador está em linha 
de produção pelo fabricante e foi lançado a partir de 
janeiro de 2022, inclusive. Não é processador 
descontinuado 

Intel Core i7-12650H 
– PG.01 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

4.5 PBP (Processor Base Power) máximo. 
Intel Core i7-12650H 

– PG.01 
45W 

Atende ao 
solicitado 

5 MEMÓRIA RAM  TIPO I  

5.1 Memória SDRAM Tipo DDR4  frequência de MHz 
Catálogo MEMÓRIA  

– PG.02 e 03 
DDR4- 3200 

Atende ao 
solicitado 

5.2 Tem capacidade instalada de: 

Catálogo MEMÓRIA  
– PG.02 

Declaração Técnica 
Grupo 2 – PG.01 

32 GB 
Atende ao 
solicitado 

6 INTERFACES DE REDE  TIPO I  

6.1 
Controladora de rede de interface RJ-45 compatível com 
os padrões Ethernet, Fast-Ethernet e Gigabit Ethernet 
(10/100/1000), autosense, full-duplex e plug-and-play, 
configurável totalmente por software. Não serão utilizados 
adaptadores ou acessórios externos neste item; 
 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 
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6.2 Controladora integrada de rede wireless b/g/n/ac VAIO FH15 – PG.02 
 

Wifi Intel 9462 –
PG.02 

Exigido 
Atende ao 
solicitado 

6.3 Bluetooth 4.0; VAIO FH15 – PG.02 
 

Wifi Intel 9462 –
PG.02 

Exigido 
Atende ao 
solicitado 

7 INTERFACES DE ÁUDIO  TIPO I  

7.1 
Controladora de áudio estéreo de 16 bits, full duplex, com 
conectores para mic-in e line-out, sendo conector do tipo 
combo (headset); 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

7.2 Não é solução USB para interfaces de áudio. 
Declaração Técnica 

Grupo 2 – PG.01 
Exigido 

Atende ao 
solicitado 

8 INTERFACES DE GRÁFICOS  TIPO I  

8.1 Controladora de vídeo VAIO FH15 – PG.02 Dedicada 
Atende ao 
solicitado 

8.2 Suporte a alocação e fornecimento de memória (GDDR6). VAIO FH15 – PG.02 4 GB 
Atende ao 
solicitado 

8.3 

Suporta a resolução com profundidade de cores de 32 
bits de forma independente (imagens diferentes em cada 
monitor), com taxa de atualização de 60 Hz e padrão plug-
and-play; 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.01 

1920x1080 
Atende ao 
solicitado 

8.4 
Driver de vídeo compatível com WDDM (Windows Display 
Driver Model); 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

8.5 Com suporte à API Microsoft DirectX 12; 
Declaração Técnica 

Grupo 2 – PG.01 
Exigido 

Atende ao 
solicitado 

9 CONEXÕES  TIPO I  

9.1 
3 (três) portas USB sendo  1 (uma) USB 3.2 Tipo C e 1 

(uma) porta USB 3.2 Tipo A; 
VAIO FH15 – PG.02 Exigido 

Atende ao 
solicitado 

9.2 HDMI;  VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

9.3 Conexão de áudio descrita no item 7; 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

9.4 Conexão de rede descrita no item 6; 

VAIO FH15 – PG.02 
 

Wifi Intel 9462 –
PG.02 

Exigido 
Atende ao 
solicitado 
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10 UNIDADES DE ARMAZENAMENTO  TIPO I  

10.1 
Unidade de armazenamento de estado sólido SSD (Solid 

State Drive) interna, com tecnologia TLC. 
Catálogo SSD – 

PG.02 Exigido 
Atende ao 
solicitado 

10.2 
Utilização de padrão NVMe com interface PCI express e 

taxa de 2.000 MB/s para leitura e 
1.000 MB/s para escrita. 

Catálogo SSD – 
PG.02, 03 e 04 

Exigido 
Atende ao 
solicitado 

10.3 Capacidade nominal de armazenamento SSD: 
Catálogo SSD – 

PG.05 
512 GB 

Atende ao 
solicitado 

SM2P32A8-
512GC 

11 FONTE DE ALIMENTAÇÃO E BATERIA  TIPO I  

11.1 
A fonte aceita tensões de 110/220 Volts, chaveada 
automaticamente, com capacidade para  suportar a 

máxima configuração permitida pela placa mãe. 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

11.2 A bateria tem capacidade de carga de 40Wh. VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

12 DIMENSÕES  TIPO I  

12.1 Tela com dimensão  VAIO FH15 – PG.02 15.6 Polegadas 
Atende ao 
solicitado 

12.2 
Peso máximo inclusos o disco rígido e a bateria principal 
(sem contar acessórios). 

VAIO FH15 – PG.02 2,8 kg 
Atende ao 
solicitado 

13 SEGURANÇA E CONSERVAÇÃO  TIPO I  

13.1 Possui fenda (slot) de segurança tipo “Kensington”; VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

13.2 

Será fornecido cabo com trava de segurança 
compatível, que não conflita, em termos de espaço, com 
os conectores das interfaces adjacentes. Todos os 
cabos de aço com trava/lacre serão fornecidos com 
o mesmo segredo/chave, para cada aquisição efetuada 
pelos órgãos. 

Catálogo da Trava – 
PG. 01 e 02 

 
Declaração Técnica 

Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 

13.3 

Será acompanhado de maleta para transporte, que 
comporta o equipamento, acessórios e fonte de 
alimentação, e ainda possui revestimento interno macio 
para proteção contra impacto, arranhões e poeira. 

Catálogo da Maleta – 
PG.01 

 
Declaração Técnica 

Grupo 2 – PG.01 

Exigido 
Atende ao 
solicitado 
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14 TECLADO  TIPO I  

14.1 
Padrão ABNT-2, com todos os caracteres da língua 
portuguesa, inclusive “ç.”. VAIO FH15 – PG.02 Exigido 

Atende ao 
solicitado 

14.2 
A impressão sobre as teclas é do tipo permanente, não 
apresentando desgaste por abrasão  ou uso prolongado. 

Declaração Técnica 
Grupo 2 – PG.01 Exigido 

Atende ao 
solicitado 

14.3 
Teclado é retro-iluminado alfanumérico com 12 teclas de 
função. 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.01 

Opcional 
Atende ao 
solicitado.  

Item opcional 

14.4 

Teclado não é resistente a derramamento de líquidos em 
pequenas quantidades (respingos, ou seja, não possui 
um grau de proteção mínimo de dois contra ingressos de 
água nos termos da ABNT NBR IEC 60529:2017). 

Declaração Técnica 
Grupo 2 – PG.02 

Opcional 
Atende ao 
solicitado.  

Item opcional 

15 TOUCHPAD  TIPO I  

15.1 
Dispositivo apontador do tipo touchpad, multi-touch, com 
dois botões além de função de rolagem; 

VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

16 MOUSE EXTERNO  TIPO I  

16.1 

Mouse óptico com 03 (três) botões (incluindo scroll de 
rolagem), com formato ergonômico e conformação 
ambidestra; 

CATALOGO MOUSE 
SM 6620 – PG.01 Exigido 

Atende ao 
solicitado 

16.2 Tecnologia LED; 
CATALOGO MOUSE 

SM 6620 – PG.01 
Exigido 

Atende ao 
solicitado 

16.3 Resolução de 800 dpi; 
CATALOGO MOUSE 

SM 6620 – PG.01 
Exigido 

Atende ao 
solicitado 

16.4 Interface USB. 
CATALOGO MOUSE 

SM 6620 – PG.01 
Exigido 

Atende ao 
solicitado 

17 KIT DE ÁUDIO E VÍDEO  TIPO I  

17.1 

Será fornecido 01 (um) Kit de áudio composto por 01 
Controladora de som onboard e  02 Alto-falantes e 01 
Microfone por notebook. 

VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

17.2 
A controladora de som é onboard, contendo combo de 
áudio única saída. 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.02 

Exigido 
Atende ao 
solicitado 
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17.3 
Os Alto falantes estão integrados ao gabinete do 
notebook com amplificador de sinal. 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.02 

Exigido 
Atende ao 
solicitado 

17.4 O Microfone está integrado ao gabinete do notebook VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

17.5 
Será fornecido 01 (uma) Webcam integrada ao gabinete 
do notebook 

VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

17.6 A Webcam possui resolução 0.92 Megapixel (720p) VAIO FH15 – PG.02 Exigido 
Atende ao 
solicitado 

18 CERTIFICAÇÕES E COMPATIBILIDADE  TIPO I  

18.1 

Vai acompanhando a proposta, atestado de 
conformidade para o equipamento, emitido por um órgão 
credenciado pelo INMETRO , comprovando que o 
equipamento está em conformidade com as normas 
IEC60950 (Safety of Information Technology Equipament 
Including Eletrical Business Equipament); 

PORTARIA 170 – 
PG.01 a 09 

Exigido 
Atende ao 
solicitado 

18.2 
Possui atestado de conformidade EPEAT em nível 
Bronze; 

EPEAT – PG.01 a 04 Exigido 
Atende ao 
solicitado 

18.3 

Demonstrado (mediante apresentação de catálogos, 
especificações, manuais, etc) que os equipamentos 
fornecidos, periféricos, acessórios e componentes da 
instalação não contêm substâncias perigosas como 
mercúrio (Hg), chumbo (Pb), cromo hexavalente (Cr(VI)), 
cádmio (Cd), bifenilpolibromados (PBBs), éteres 
difenilpolibromados (PBDEs) em concentração acima da 
recomendada pela diretiva da Comunidade Econômica 
Européia Restriction of Certain Hazardous Substances 
RoHS (IN nº 1/2010 - Secretaria de Logística e Tecnologia 
da Informação (SLTI) do Ministério do Planejamento, 
Orçamento e Gestão); 

EPEAT Criteria 
(RoHS) – PG.01 a 02 

 
CATALOGO MOUSE 

SM 6620 – PG.01 
 

Catálogo da Trava – 
PG. 02 

 
Catálogo da Maleta – 

PG.01 
 

Declaração Técnica 
Grupo 2 – PG.02 

Exigido 
Atende ao 
solicitado 

18.4 A solução é compatível com o SO Windows 

HCL WINDOWS URL 
– PG. 01 

HCL WINDOWS – 
PG.01 

 
HCL WINDOWS URL 

MOUSE – PG.01 
HCL WINDOWS 
MOUSE – PG.01 

Exigido 
Atende ao 
solicitado 
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18.5 

Em atendimento às diretrizes da Lei nº 12.305/2010, que 
institui a Política Nacional de Resíduos Sólidos, o 
fabricante do equipamento ofertado se responsabiliza 
pelo mecanismo de logística reversa. É apresentada carta 
do fabricante do equipamento ofertado 
responsabilizando-se, pela logística de coleta, reciclagem 
e correta destinação dos resíduos sólidos. 

Declaração Técnica 
Grupo 2 – PG.02 

Exigido 
Atende ao 
solicitado 

19 SISTEMA OPERACIONAL  TIPO I  

19.1 

Será fornecida licença do Sistema Operacional Microsoft 
Windows 11, versão Profissional 64 bits, com build 
atualizada à ocasião da entrega, em modalidade OEM, 
pré-instalada na imagem oferecida pela CONTRATANTE, 
acompanhada de todos os drivers de dispositivos do 
equipamento fornecido; 

VAIO FH15 – PG.02 
 

Declaração Técnica 
Grupo 2 – PG.02 

Exigido 
Atende ao 
solicitado 

20 GARANTIA  TIPO I  

20.1 
O período de Garantia Técnica, incluindo a bateria, terá 
36 (trinta e seis) meses on-site; 

Declaração Técnica 
Grupo 2 – PG.02 

Exigido 
Atende ao 
solicitado 

 

 

 

 
Curitiba, 14 de dezembro de 2023. 
 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal  
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AO 
MINISTÉRIO DA GESTÃO E DA INOVAÇÃO EM SERVIÇOS PÚBLICOS 
SECRETARIA DE GESTÃO E INOVAÇÃO 
CENTRAL DE COMPRAS 
COORDENAÇÃO-GERAL DE LICITAÇÕES 
 
Ref.:  PREGÃO ELETRÔNICO SRP Nº 06/2023  
          PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13 
    

DECLARAÇÃO TÉCNICA 
 
POSITIVO TECNOLOGIA S/A (Filial), pessoa jurídica de direito privado, estabelecida na Rua Javari, 1255 - 
Lote 257-B - Distrito Industrial I - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.º 81.243.735/0019-77, 
declara como fabricante do equipamento Notebook VAIO FH15 ofertado para o Grupo 02 do pregão em 
referência que: 
 

• O Notebook VAIO FH15 possui todos os componentes e as mesmas características descritas no edital, 
sendo aceitos componentes e especificações superiores; 

• Não serão utilizados configurações e ajustes que impliquem no funcionamento do equipamento fora as 
condições normais recomendadas pelo fabricante, ou dos componentes, tais como, alterações de 
frequência de clock (overclock), características de disco ou de memória, e drivers não recomendados 
pelo fabricante do equipamento; 

• O BIOS Notebook VAIO FH15:  
• É do Tipo flash EPROM, atualizável por software, compatível com o padrão plug-and-play; 
• Possui recursos de controle de permissão através de senhas, uma para inicializar o computador e 

outra para acesso e alterações das configurações do BIOS; 
• Suporta Boot por dispositivos USB e por rede; 
• Permite a inserção de código de identificação do equipamento na própria BIOS (número do 

patrimônio ou número de série - quando este não vier identificado na própria BIOS); 
• BIOS com reprogramação via software devidamente licenciado para os equipamentos disponibilizados 

via download no sítio do fabricante do equipamento (https://www.positivoempresas.com.br/suporte-
tecnico/);  

• O modelo do processador ofertado é o Intel Core i7-12650H explicitado na proposta de fornecimento. 
O processador está em linha de produção pelo fabricante e lançado a partir de janeiro de 2022, 
inclusive. Não é processador descontinuado; 

• Serão fornecidos 32GB de memória RAM através de 2 módulos de 16GB (2x 16GB). 
• Possui controladora de rede de interface RJ-45 compatível com os padrões Ethernet, Fast-Ethernet e 

Gigabit Ethernet (10/100/1000), autosense, full-duplex e plug-and-play, configurável totalmente por 
software. Não serão utilizados adaptadores ou acessórios externos neste item; 

• Controladora de áudio estéreo de 16 bits, full duplex, com conectores para mic-in e line-out, sendo 
conector do tipo combo (headset). Não é solução USB para interfaces de áudio; 

• A interface de vídeo dedicado é a NVIDIA GTX™ 1650 que suporta a resolução de 1920x1080 com 
profundidade de cores de 32 bits de forma independente (imagens diferentes em cada monitor), com 
taxa de atualização de 60 Hz e padrão plug-and-play. O driver de vídeo é compatível com WDDM 
(Windows Display Driver Model). Com suporte à API Microsoft DirectX 12; 

• A fonte possui capacidade para suportar a máxima configuração permitida pela placa mãe; 
• Será fornecido cabo com trava de segurança compatível, que não conflita, em termos de espaço, com 

os conectores das interfaces adjacentes. Todos os cabos de aço com trava/lacre serão fornecidos com 
o mesmo segredo/chave, para cada aquisição efetuada pelos órgãos; 

• Será acompanhado de maleta para transporte, que comporta o equipamento, acessórios e fonte de 
alimentação, e ainda possui revestimento interno macio para proteção contra impacto, arranhões e 
poeira; 

• A impressão sobre as teclas é do tipo permanente, não apresentando desgaste por abrasão ou uso 
prolongado. 

• O teclado ofertado não é retro-iluminado. O teclado é alfanumérico com 12 teclas de função; 
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• Teclado não é resistente a derramamento de líquidos em pequenas quantidades (respingos, ou seja, 
não possui um grau de proteção mínimo de dois contra ingressos de água nos termos da ABNT NBR 
IEC 60529:2017); 

• A controladora de som é onboard, contendo combo de áudio única saída. Os Alto falantes estão 
integrados ao gabinete do notebook com amplificador de sinal; 

• Os equipamentos fornecidos, periféricos, acessórios e componentes da instalação não contêm 
substâncias perigosas como mercúrio (Hg), chumbo (Pb), cromo hexavalente (Cr(VI)), cádmio (Cd), 
bifenilpolibromados (PBBs), éteres difenilpolibromados (PBDEs) em concentração acima da 
recomendada pela diretiva da Comunidade Econômica Européia Restriction of Certain Hazardous 
Substances RoHS (IN nº 1/2010 - Secretaria de Logística e Tecnologia da Informação (SLTI) do 
Ministério do Planejamento, Orçamento e Gestão); 

• Em atendimento às diretrizes da Lei nº 12.305/2010, que institui a Política Nacional de Resíduos 
Sólidos, a POSITIVO TECNOLOGIA S.A, fabricante do equipamento ofertado se responsabiliza pelo 
mecanismo de logística reversa, responsabilizando-se pela logística de coleta, reciclagem e correta 
destinação dos resíduos sólidos; 

• Será fornecida licença do Sistema Operacional Microsoft Windows 11, versão Profissional 64 bits, com 
build atualizada à ocasião da entrega, em modalidade OEM, pré-instalada na imagem oferecida pela 
CONTRATANTE, acompanhada de todos os drivers de dispositivos do equipamento fornecido; 

• O período de Garantia Técnica, incluindo a bateria, terá 36 (trinta e seis) meses on-site; 
 

 
 
Curitiba, 14 de dezembro de 2023. 
 
 
 
 
Maria Helena Pereira 
Gerente de Propostas e Projetos Instituições Públicas/Representante Legal 
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INSTITUTO NACIONAL DE METROLOGIA,
QUALIDADE E TECNOLOGIA

DIRETORIA DE METROLOGIA LEGAL

PORTARIA No- 35, DE 11 DE MARÇO DE 2015

O Diretor de Metrologia Legal do Instituto Nacional de Me-
trologia, Qualidade e Tecnologia - Inmetro, no uso de suas atri-
buições, legais e regulamentares que lhe confere a Portaria MDIC nº
558, de 04 de junho de 2007, e tendo em vista o disposto no inciso
I do artigo 15 do Decreto n° 7.938, de 19 de fevereiro de 2013, e no
artigo 19 do Decreto n° 6.275, de 28 de novembro de 2007, que
aprovam a Estrutura Regimental do Inmetro, considerando as in-
formações e documentos constantes do processo Inmetro nº
52600.033344/2014, resolve:

Atualizar a capacidade anual declarada de instrumentos, a
que se refere a Portaria Inmetro/Dimel n.º 199, de 25 de outubro de
2012, que autoriza a empresa Dowertech da Amazônia Indústria de
Instrumentos Eletrônicos Ltda., sob o código número AAM28, de
acordo com as condições especificadas na íntegra da Portaria.

A íntegra da Portaria encontra-se disponível no sítio do In-
metro: http://www.inmetro.gov.br/legislacao/pea

LUIZ CARLOS GOMES DOS SANTOS

PORTARIA No- 36, DE 11 DE MARÇO DE 2015

O Diretor de Metrologia Legal do Instituto Nacional de Me-
trologia, Qualidade e Tecnologia - Inmetro, no uso de suas atri-
buições, legais e regulamentares que lhe confere a Portaria MDIC nº
558, de 04 de junho de 2007, e tendo em vista o disposto no inciso
I do artigo 15 do Decreto n° 7.938, de 19 de fevereiro de 2013, e no
artigo 19 do Decreto n° 6.275, de 28 de novembro de 2007, que
aprovam a Estrutura Regimental do Inmetro, considerando as in-
formações e documentos constantes do processo Inmetro nº
52600.042630/2014, resolve:

Modificar, por extensão, o escopo a que se refere a Portaria
Inmetro/Dimel n.º 007, de 16 de janeiro de 2006, que autoriza a
empresa Itron Soluções para Energia e Água Ltda., sob o código
número ASP01, de acordo com as condições especificadas na íntegra
da Portaria.

A íntegra da Portaria encontra-se disponível no sítio do In-
metro: http://www.inmetro.gov.br/legislacao/pea

LUIZ CARLOS GOMES DOS SANTOS

Ministério do Desenvolvimento Agrário
. Ministério do Desenvolvimento, Indústria

e Comércio Exterior
.INSTITUTO NACIONAL DE COLONIZAÇÃO

E REFORMA AGRÁRIA
SUPERINTENDÊNCIA REGIONAL

NO ESPÍRITO SANTO
COMITÊ DE DECISÃO REGIONAL

RESOLUÇÃO No- 2, DE 11 DE MARÇO DE 2015

O Comitê de Decisão Regional da Superintendência Regio-
nal do Incra no estado do Espírito Santo (CDR/ES), em cumprimento
ao artigo 9º da estrutura regimental aprovada pelo Decreto n° 6.812,
de 03 de abril de 2009, publicado no DOU do mesmo dia, edição
extra, e no art. 132 do Regimento Interno da Autarquia, aprovado
pela Portaria/MDA n° 20, de 08 de abril de 2009, publicada no DOU,
do dia 09 do mesmo mês e ano, tendo em vista a decisão adotada em
sua Quarta Reunião Extraordinária, realizada no dia 02 de março de
2015 e;

Considerando a Norma de Execução n° 33, de 14 de julho de
2003, publicada no DOU do dia 23 do mesmo mês e ano.

Considerando a fundamentação legal constante nos incisos I,
II e III da Norma de Execução supramencionada.

Considerando as análises técnicas e jurídicas constantes no
processo administrativo 54340.001264/2009-03, resolve:

Art. 1º - Aprovar a concessão de uso de uma área de
1.023,28 m² (mil e vinte três vírgula vinte e oito metros quadrados)
da área comunitária que integra o PA Travessia, criado mediante a
Portaria Incra/SR(20)G/N° 013, de 06 de agosto de 2003, localizado
no município de Nova Venécia/ES à Igreja Evangélica Assembleia de
Deus, Ministério de Ecoporanga para construção de um templo.

Art. 2º - Estabelecer que a área objeto desta concessão de
uso seja revertida de pleno direito, para posse, domínio e admi-
nistração do Instituto Nacional de Colonização e Reforma Agrária
(Incra), independente de notificação ou indenização, se, no todo ou
em parte, lhe for dada aplicação adversa da destinação estabelecida.

Art. 3º - Esta Resolução entra em vigor a partir da data de
sua publicação.

JOSÉ CÂNDIDO REZENDE
Coordenador

RESOLUÇÃO No- 3, DE 11 DE MARÇO DE 2015

O Comitê de Decisão Regional da Superintendência Regio-
nal do Incra no estado do Espírito Santo (CDR/ES), em cumprimento
ao artigo 9º da estrutura regimental aprovada pelo Decreto n° 6.812,
de 03 de abril de 2009, publicado no DOU do mesmo dia, edição
extra e no art. 132 do Regimento Interno da Autarquia, aprovado pela
Portaria/MDA n° 20, de 08 de abril de 2009, publicada no DOU, do
dia 09 do mesmo mês e ano, tendo em vista a decisão adotada em sua
Quinta Reunião Extraordinária, realizada no dia 10 de março de 2015
e;

Considerando o Decreto n° 99.658, de 30 de outubro de
1990;

Considerando a Norma de Execução/DA/N° 100, de 29 de
novembro de 2011;

Considerando a análise técnico/jurídica acostada ao processo
administrativo 54340.000297/2014-95, apenso 54340.000657/2011-
14; resolve:

Art. 1º - Aprovar a doação de um veículo de passeio, marca
Chevrolet, modelo Corsa Wagon, Placa MQB6819 para a Prefeitura
de Ecoporanga com a finalidade de atender 521 (quinhentas e vinte e
uma) famílias beneficiárias do PNRA, bem como, agricultores fa-
miliares do município.

Art. 2º - Esta Resolução entra em vigor a partir da data de
sua publicação.

JOSÉ CÂNDIDO REZENDE
Coordenador

SUPERINTENDÊNCIA REGIONAL EM GOIÁS

RETIFICAÇÃO

Na Retificação da Portaria publicada no D.O.U Nº 199 de
15/10/2004, Seção 1, Pag. 74, que alterou a Portaria INCRA/SR-04
Nº 83, de 09 de novembro de 1998, que criou o Projeto de As-
sentamento SANTA MARTA, no município de MUNDO NOVO/GO,
publicada no D.O. 221 de 18/11/1998, onde se lê: "...criação de 460
(Quatrocentas e sessenta) unidades agrícolas familiares..."; leia-se:
"...criação de 458 (Quatrocentos e cinquenta e oito) unidades agrí-
colas familiares...".

SUPERINTENDÊNCIA DA ZONA FRANCA DE MANAUS

PORTARIA Nº 102, DE 6 DE MARÇO DE 2015

O SUPERINTENDENTE DA SUPERINTENDÊNCIA DA ZONA FRANCA DE MANAUS,
em exercício, no uso de suas atribuições legais e considerando o que lhe autoriza a Resolução nº 203,
de 10 de dezembro de 2012, do Conselho de Administração da SUFRAMA, em seu Artigo 12, inciso III,
e os termos da Parecer Técnico do Projeto nº 002/2015 - SPR/CGPRI/COAPI, da Superintendência
Adjunta de Projetos da SUFRAMA, resolve:

Art. 1º APROVAR, com fundamento nos Artigos. 7º e 9º do Decreto-Lei nº 288, de 28 de
fevereiro de 1967, o projeto industrial de AMPLIAÇÃO/ATUALIZAÇÃO da empresa TRIUMPH -
FABRICAÇÃO DE MOTOCICLETAS DE MANAUS LTDA. (CNPJ nº 14.808.074/0001-63) e inscrição
SUFRAMA nº 20.1438.01-1), na Zona Franca de Manaus, na forma do Parecer Técnico de Projeto nº
002/2015 - SPR/CGPRI/COAPI, para produção de TANQUE RESERVA DO RADIADOR PARA CI-
CLOMOTORES, MOTONETAS, MOTOCICLETAS, TRICICLOS E QUADRICICLOS (código SU-
FRAMA nº 1607) e o gozo do incentivo previsto no artigo 9º do referido Decreto-Lei.

Art. 2º FIXAR os limites de importação de insumos para fabricação do produto a que se refere
o Art. 1º da presente Portaria, em:

Discriminação Valor em US$ 1.00
1º ANO 2º ANO 3º ANO

TANQUE RESERVA DO RADIA-
DOR PARA CICLOMOTORES, MOTONE-
TAS, MOTOCICLETAS, TRICICLOS E
QUADRICICLOS

109,150 137,529 165,908

Art. 3º DETERMINAR que a comercialização do produto se dê exclusivamente na Zona Franca
de Manaus:

Art. 4º DETERMINAR sob pena de suspensão ou cancelamento dos incentivos concedidos, sem
prejuízo da aplicação de outras cominações legais cabíveis:

I - o cumprimento, quando da fabricação do produto a que se refere o Art. 1º da presente
Portaria, do Processo Produtivo Básico definido na Portaria Interministerial nº 182-MDIC/MCT, de 19
de julho de 2004;

II - o atendimento das exigências da Política Nacional do Meio Ambiente, conforme disciplina
a Legislação no âmbito Federal, Estadual e Municipal;

III - a manutenção de cadastro atualizado na SUFRAMA, de acordo com as normas em vigor;
e

IV - o cumprimento das exigências contidas na Resolução nº 203 - CAS, de 10 de dezembro de
2012, bem como as demais Resoluções, Portarias e Normas Técnicas em vigor.

Art. 5º Esta Portaria entra em vigor na data de sua publicação.

GUSTAVO ADOLFO IGREJAS FILGUEIRAS

PORTARIA Nº 103, DE 6 DE MARÇO DE 2015

O SUPERINTENDENTE DA SUPERINTENDÊNCIA DA ZONA FRANCA DE MANAUS,
em exercício, no uso de suas atribuições legais e considerando o que lhe autoriza a Resolução nº 203,
de 10 de dezembro de 2012, do Conselho de Administração da SUFRAMA, em seu Artigo 12, inciso II,
e os termos da Parecer Técnico do Projeto nº 006/2015 - SPR/CGPRI/COAPI, da Superintendência
Adjunta de Projetos da SUFRAMA, resolve:

Art. 1º APROVAR o projeto industrial de AMPLIAÇÃO da empresa POSITIVO INFOR-
MÁTICA DA AMAZÔNIA LTDA (CNPJ: 08.239.748/0001-53 e Inscrição SUFRAMA: 20.1251.01-9),
na Zona Franca de Manaus, na forma do Parecer Técnico de Projeto nº 006/2015 - SPR/CGPRI/COAPI,
para produção de MICROCOMPUTADOR PORTÁTIL ( Código SUFRAMA nº 0307 ), para o gozo do
incentivo previsto no parágrafo 2º do artigo 2º da Lei n° 8.387, de 30 de dezembro de 1991, e legislação
p o s t e r i o r.

Art. 2º DEFINIR que a redução da alíquota do Imposto de Importação (II) relativo às matérias-
primas, materiais secundários e de embalagem, componentes e outros insumos de origem estrangeira,
utilizados na fabricação do produto constante do Art. 1° desta Portaria, será obtida mediante a aplicação
da fórmula do parágrafo 1º do Art. 7º do Decreto-Lei Nº 288, de 28 de fevereiro de 1967, com redação
dada pela Lei Nº 8.387, de 30 de dezembro de 1991.

Art. 3º ESTABELECER para o produto constante do Art. 1° desta Portaria, sem quaisquer
adicionais às quotas já aprovadas, os seguintes limites anuais de importação de insumos:

Produto Ano 1 Ano 2 Ano 3
M I C R O C O M P U TA D O R

P O RT Á T I L
59,407,314 65,348,045 71,882,849

Art. 4º DETERMINAR sob pena de suspensão ou cancelamento dos incentivos concedidos, sem
prejuízo da aplicação de outras cominações legais cabíveis:

I - o cumprimento, quando da fabricação do produto constante do Art. 1° desta Portaria, do
Processo Produtivo Básico definido pelas Portarias Interministeriais MDIC/MCTI nº 185, de 7 de julho
de 2014 e nº 327, de 31 de dezembro de 2014;

II - o investimento em atividades de Pesquisa e Desenvolvimento (P&D) , no percentual
mínimo exigido pela legislação vigente sobre o faturamento bruto no mercado interno, decorrente da
comercialização do produto constante do Art. 1° desta Portaria, deduzidos os tributos correspondentes a
tais comercializações;

III - o atendimento das exigências da Política Nacional do Meio ambiente, conforme disciplina
a Legislação no âmbito Federal, Estadual e Municipal;

IV - a manutenção de cadastro atualizado na SUFRAMA, de acordo com as normas em vigor;
e

V - o cumprimento das exigências contidas na Resolução nº 203, de 10 de dezembro de 2012,
bem como as demais Resoluções, Portarias e Normas Técnicas em vigor.

Art. 5º Esta Portaria entra em vigor na data de sua publicação.

GUSTAVO ADOLFO IGREJAS FILGUEIRAS

PORTARIA Nº 104, DE 6 DE MARÇO DE 2015

O SUPERINTENDENTE DA SUPERINTENDÊNCIA DA ZONA FRANCA DE MANAUS,
em exercício, no uso de suas atribuições legais e considerando o que lhe autoriza a Resolução nº 203,
10 de dezembro de 2012, do Conselho de Administração da SUFRAMA, em seu Art. 12, Inciso III, e
os termos do Parecer Técnico de Projeto n.º 150/2014 - SPR/CGPRI/COAPI, da Superintendência
Adjunta de Projetos da SUFRAMA, resolve:

Art. 1º APROVAR o projeto industrial de DIVERSIFICAÇÃO da empresa FLEXCABLES DA
AMAZÔNIA INDÚSTRIA E COMÉRCIO DE CABOS E FIOS LTDA.,
CNPJ: 04.497.844/0001-40, Inscrição SUFRAMA: 20.1370.01-8, na Zona Franca de Manaus, na forma
do Parecer Técnico de Projeto n.º 150/2014 - SPR/CGPRI/COAPI, para produção de FIOS E CABOS
PARA TENSÃO NÃO SUPERIOR A 300 V - cód. Suframa 1351 e CABO DE FORÇA COM PEÇAS



FH15

PERFORMANCE, 
COM REQUINTE DE DETALHES

Explore todo o potencial criativo e produtivo do novo VAIO® FH15. Você terá a performance necessária para 

superar qualquer desafio. A experiência visual será incrível, graças à tela de 144Hz* que proporciona 

imagens nítidas e fluidas. O VAIO® FH15 conta com a impressionante placa gráfica NVIDIA® RTX™* ou 
GTX™, que impulsiona suas criações visuais para uma dimensão jamais vista. Cada pixel ganha vida em 

uma tela deslumbrante, e cada detalhe é iluminado pelo teclado multicolorido que proporciona uma 

experiência de digitação personalizada e envolvente. A conectividade também é primordial, com o Wi-Fi 5 
ou 6* ultra-rápido, você desfrutará de transferências de dados em alta velocidade, videoconferências sem 

atrasos e jogos online sem interrupções. 

Desfrute de uma qualidade de áudio excepcional, com o som certificado SoundBlaster Studio, garantindo 

que cada som seja reproduzido com clareza e imersão. Libere sua imaginação, 

mergulhe em uma jornada de conquistas e desfrute de cada suspiro de satisfação ao alcançar resultados 

extraordinários. O novo VAIO® FH15 está pronto para acompanhar 

você em cada passo da sua trajetória, oferecendo o equilíbrio perfeito 

entre design, desempenho e inovação.

PROCESSADORES
ROBUSTOS
Desperte sua criatividade com os 

processadores Core i de 13ª e 12ª geração, 

oferecendo o melhor em termos de 

performance. Liberte-se das preocupações 

e desfrute de um desempenho inigualável 

no novo VAIO® FH15. Ideal para criadores 

de conteúdo, programadores e muito mais.

MAIS TEMPO PRODUZINDO
MENOS TEMPO ESPERANDO
Eleve suas atividades gráficas a outro patamar 

com a NVIDIA® RTX™ 3050/GTX™ 1650/RTX™ 
2050 *. Desfrute da perfeição gráfica do Ray 

Tracing, 4GB de VRAM GDDR6 e potência 

extraordinária*. Acelere sua performance com 

deep learning, melhore transmissões ao vivo e 

leve seus projetos criativos a um novo nível.

MÁXIMA PERFORMANCE
MÁXIMO RESFRIAMENTO
Resfriamento Thermal Cooling para um 

desempenho máximo e controle de 

temperatura ideal. Uma máquina poderosa 

precisa de um resfriamento poderoso. Com 

o VAIO® FH15 você tem esse poder.

PRECISÃO NOS
DETALHES
Tela Full HD impressionante, com frequência 

de 144Hz* para uma experiência visual 

suave e vívida. A tecnologia WVA oferece 

uma qualidade de imagem excepcional, com 

detalhes precisos e realismo imersivo.

EXPLORE
TUDO

Design singular e imponente que cativa em 

qualquer ambiente. Um notebook que 

combina robustez e elegância para 

acompanhar seus projetos profissionais 

com estilo. Chame a atenção com seu 

design exclusivo em cor Chumbo

DESIGN SÓBRIO
E MODERNO

Projetado para oferecer um desempenho 

excepcional e sem limites, garantindo uma 

experiência fluida e sem gargalos ao executar 

os softwares mais exigentes do mercado. 

Prepare-se para enfrentar qualquer desafio 

com potência extraordinária ao seu lado.

*dependendo da configuração adquirida.
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VAIO FH15
VAIO
VAIO FH15
2023

Intel®
12ª/13ª Geração de processadores Intel® CoreTM  i5 e i7 Serie H
FCBGA1744
Até 24MB
Até 14
Até 20
Até 5.00GHz

NVIDIA® GTX™ 1650 4GB GDDR6 / NVIDIA® RTX™ 3050 4GB GDDR6/ NVIDIA® RTX™ 2050 4GB GDDR6 
Dedicada ( Suporte DirectX 12 e WDDM)
HDMI / Mini DisplayPort

VJFH51-ADL (Intel 12ª Geração) / VJFH52-RPL (Intel 13ª  Geração)
SoC
Áudio de alta definição (HD Áudio), certificação SoundBlaster Studio, Microfone e alto-falantes estéreo embutidos

Até 64 GB DDR4
Módulo
3200 MHz
2x slots DDR4

Até 2TB M.2
2x M.2 (1x suporta PCIe Gen4 x4, 1x suporta PCIe Gen3 x4)

LED Full HD
15,6''
Widescreen
1920x1080
16:9
WVA
144Hz ou 60Hz*
Antireflexiva

Windows® 11 Pro (64 bits) | Windows® 11 Home (64 bits) | Windows® 11 Pro Educacional | Windows 11 Pro com downgrade para Windows 10 (64 bits)
Distribuições Linux | Outras opções sob consulta
5.2 ou 5.1*
1x 10/100/1000 Mbps
IEEE 802.11 a/b/g/n/ac ou IEEE 802.11 a/b/g/n/ac/ax

1
1
1
1
2
1x 3.5mm combo (microfone/audio)
1
1

Câmera Frontal 1.0 MP HD, 720p
Micro SD Card
Português-Brasil, ABNT2, 105 teclas, retroiluminado multicolorido personalizável (Opcional)
Tipo Touchpad com controle preciso do cursor, com toque múltiplo e função de rolagem, 2 botões integrados
135º

4 células, Li- Polímero 54Wh - integrada
Até 7 horas*
120W (NVIDIA® GTX™ 1650 e NVIDIA® RTX™ 2050 ) / 150W (NVIDIA® RTX™ 3050)
100~240V automático
10A
20V - 6A (NVIDIA® GTX™ 1650 e NVIDIA® RTX™ 2050 ) (50~60Hz) / 20V – 7.5A (NVIDIA® RTX™ 3050)  (50~60Hz)

35,9 cm
2,27 cm
23,8 cm
1,99 Kg

48,3 cm
5,6 cm
27,8 cm
0,3 Kg
2,88 Kg

Cinza Chumbo
Notebook, Adaptador CA com cabo padrão Inmetro (carregador)
Abertura para Trava Kensington® Lock  | Solução TPM 2.0 Integrado

/ CARREGADOR

*dependendo da configuração adquirida.

Conexão HDMI 2.0b

1.4a
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1 2 3

VAIO e VAIO® são marcas registradas da VAIO Corporation Os computadores VAIO, fabricados no Brasil pela Positivo Tecnologia S A seguindo todos padrões de qualidade da VAIO Japão, possuem garantia balcão de um 
ano para peças e mão de obra, sendo nove meses de garantia contratual e 90 dias de garantia legal. Imagens meramente ilustrativas.

*Dependendo do SKU

¹Medidos pela ferramenta da Microsoft ADK.

VAIO FH15
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Ordering Information 

Part Number Description Device Vendor 

SMS4WEC8C2J2446SAG 

16GB DDR4 (2Gx64), 1Rx8, 260-pin 
SODIMM, 2Gx8 based IC, DDR4-3200- 

22-22-22, 1.2V, 30.00mm, Halogen-
Free (RoHS Compliant) 

IC SMART P/N 
SDQAAG6W08XCWE7N9T, 

Samsung IC ref. P/N 
K4AAG085WA-BCWE 

Samsung module ref. P/N  
M471A2G43AB2-CWE 
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Part Number Decoder 

S M S 4 W E C 8 C 2 J 2 4 4 6 S A G 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 
Module Manufacturer 

S: Smart Modular Technologies 

2 
Product Identification 

M: Memory Module (RoHS & Halogen-Free & Sb-Free) 

3 
DIMM Type 

S: Small Outline DIMM 

4 
DRAM Component Type 

4: DDR4 SDRAM (1.2V VDD) 

5~6 
Speed  

WE: DDR4-3200 (22-22-22) 

7 
Temperature & Power 

C: Commercial Temp (0°~85°C) & Normal Power 

8 
Bit Organization 

8: x8 

9 
Package Type 

C: FBGA(Flip-Chip) 

10~11 
Depth 

2J: 2Gb 

12 
PCB Revision 

2: 2nd Ver. 

13 
Component Banks & Interface 

4: 16 Banks & POD 1.2V 

14~15 
Pinout/Data Width 

46:  260-Pin x64 

16 
Module Design 

S: Samsung 

17 
DRAM IC Generation 

A: A-die  (2nd Gen.) 

18 
Internal Code 

G 
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1. DDR4 Unbuffered SODIMM ORDERING INFORMATION
[Table 1]  Ordering Information Table 

Part Number1) Density Organization Component Composition1) Number of 
Rank 

Height 

SMS4WEC8C2J2446SAG 16GB 2Gx64 2Gx8(SDQAAG6W08XCWE7N9T)*8 1 30.00mm 

NOTE : 
1) WE(3200Mbps 22-22-22). 

- Backward compatible to lower frequency.

2. KEY FEATURES
[Table 2] Speed Bins 

Speed 
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 

Unit 
11-11-11 13-13-13 15-15-15 17-17-17 19-19-19 21-21-21 22-22-22 

tCK 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns 

CAS Latency 11 13 15 17 19 21 22 nCK 

tRCD 13.75 13.92 14.06 14.16 14.25 14.32 13.75 ns 

tRP 13.75 13.92 14.06 14.16 14.25 14.32 13.75 ns 

tRAS 35 34 33 32 32 32 32 ns 

tRC 48.75 47.92 47.06 46.16 46.25 46.32 45.75 ns 

• JEDEC standard 1.2V ± 0.06V Power Supply

• VDDQ = 1.2V ± 0.06V

• 800 MHz fCK for 1600Mb/sec/pin, 933 MHz fCK for 1866Mb/sec/pin, 1067MHz fCK for 2133Mb/sec/pin,1200MHz fCK for 2400Mb/sec/pin, 1333MHz

fCK for 2666Mb/sec/pin, 1467MHz fCK for 2933Mb/sec/pin and 1600MHz fCK for 3200Mb/sec/pin.

• x8 : 16 Banks (4 Bank Groups), x16 : 8Banks (2 Bank Groups)

• Programmable CAS Latency: 10,11,12,13,14,15,16,17,18,19,20,22,24

• Programmable Additive Latency (Posted CAS): 0, CL - 2, or CL - 1 clock

• Programmable CAS Write Latency (CWL) = 9,11 (DDR4-1600), 10,12 (DDR4-1866), 11,14 (DDR4-2133),12,16 (DDR4-2400), 14,18 (DDR4-2666)

and 16, 20 (DDR4-2933, 3200) 

• Burst Length: 8, 4 with tCCD = 4 which does not allow seamless read or write [either On the fly using A12 or MRS]

• Bi-directional Differential Data Strobe

• On Die Termination using ODT pin

• Average Refresh Period 7.8us at lower then TCASE 85C, 3.9us at 85C < TCASE  95C
• Asynchronous Reset

• Commercial Temperature Range: 0oC to 85oC

3. ADDRESS CONFIGURATION

Organization Row Address Column Address Bank Group Address Bank Address Auto Precharge 

2Gx8(16Gb) based Module A0-A16 A0-A9 BG0-BG1 BA0-BA1 A10/AP 
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4. Unbuffered SODIMM PIN CONFIGURATION (Front side/Back side) 
 

Pin Front Pin Back Pin Front Pin Back Pin Front Pin Back Pin Front Pin Back 

1 VSS 2 VSS 79 DQ30 80 DQ31 157 CS1_n1 158 A13 235 VSS 236 DQ57 

3 DQ5 4 DQ4 81 VSS 82 VSS 159 VDD 160 VDD 237 DQ56 238 VSS 

5 VSS 6 VSS 83 DQ26 84 DQ27 161 ODT1 162 C0,CS2_n,NC 239 VSS 240 DQS7_c 

7 DQ1 8 DQ0 85 VSS 86 VSS 163 VDD 164 VREFCA 241 DM7_n/DBI7_n 242 DQS7_t 

9 VSS 10 VSS 87 CB5,NC 88 CB4,NC 165 C1,CS3_n,NC 166 SA2 243 VSS 244 VSS 

11 DQS0_c 12 
DM0_n/ 
DBI0_n 

89 VSS 90 VSS 167 VSS 168 VSS 245 DQ62 246 DQ63 

13 DQS0_t 14 VSS 91 CB1,NC 92 CB0,NC 169 DQ37 170 DQ36 247 VSS 248 VSS 

15 VSS 16 DQ6 93 VSS 94 VSS 171 VSS 172 VSS 249 DQ58 250 DQ59 

17 DQ7 18 VSS 95 DQS8_c 96 DM8/DBI8_n 173 DQ33 174 DQ32 251 VSS 252 VSS 

19 VSS 20 DQ2 97 DQS8_t 98 VSS 175 VSS 176 VSS 253 SCL 254 SDA 

21 DQ3 22 VSS 99 VSS 100 CB6,NC 177 DQS4_c 178 
DM4_n/ 
DBI4_n 

255 VDDSPD 256 SA0 

23 VSS 24 DQ12 101 CB2,NC 102 VSS 179 DQS4_t 180 VSS 257 VPP 258 Vtt 

25 DQ13 26 VSS 103 VSS 104 CB7,NC 181 VSS 182 DQ39 259 VPP 260 SA1 

27 VSS 28 DQ8 105 CB3,NC 106 VSS 183 DQ38 184 VSS  

29 DQ9 30 VSS 107 VSS 108 RESET_n 185 VSS 186 DQ35 

31 VSS 32 DQS1_c 109 CKE0 110 CKE1 187 DQ34 188 VSS 

33 DM1_n/DBI1_n 34 DQS1_t 111 VDD 112 VDD 189 VSS 190 DQ45 

35 VSS 36 VSS 113 BG1 114 ACT_n 191 DQ44 192 VSS 

37 DQ15 38 DQ14 115 BG0 116 ALERT_n 193 VSS 194 DQ41 

39 VSS 40 VSS 117 VDD 118 VDD 195 DQ40 196 VSS 

41 DQ10 42 DQ11 119 A12 120 A11 197 VSS 198 DQS5_c 

43 VSS 44 VSS 121 A9 122 A7 199 
DM5_n/ 
DBI5_n 

200 DQS5_t 

45 DQ21 46 DQ20 123 VDD 124 VDD 201 VSS 202 VSS 

47 VSS 48 VSS 125 A8 126 A5 203 DQ46 204 DQ47 

49 DQ17 50 DQ16 127 A6 128 A4 205 VSS 206 VSS 

51 VSS 52 VSS 129 VDD 130 VDD 207 DQ42 208 DQ43 

53 DQS2_c 54 
DM2_n/ 
DBI2_n 

131 A3 132 A2 209 VSS 210 VSS 

55 DQS2_t 56 VSS 133 A1 134 EVENT_n 211 DQ52 212 DQ53 

57 VSS 58 DQ22 135 VDD 136 VDD 213 VSS 214 VSS 

59 DQ23 60 VSS 137 CK0_t 138 CK1_t 215 DQ49 216 DQ48 

61 VSS 62 DQ18 139 CK0_c 140 CK1_c 217 VSS 218 VSS 

63 DQ19 64 VSS 141 VDD 142 VDD 219 DQS6_c 220 
DM6_n/ 
DBI6_n 

65 VSS 66 DQ28 143 Parity 144 A0 221 DQS6_t 222 VSS 

67 DQ29 68 VSS 145 BA1 146 A10/AP 223 VSS 224 DQ54 

69 VSS 70 DQ24 147 VDD 148 VDD 225 DQ55 226 VSS 

71 DQ25 72 VSS 149 CS0_n 150 BA0 227 VSS 228 DQ50 

73 VSS 74 DQS3_c 151 A14/WE_n 152 A16/RAS_n 229 DQ51 230 VSS 

75 DM3_n/DBI3_n 76 DQS3_t 153 VDD 154 VDD 231 VSS 232 DQ60 

77 VSS 78 VSS 155 ODT0 156 A15/CAS_n 233 DQ61 234 VSS 
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5. PIN DESCRIPTION 

NOTE : 

1) RAS_n is a multiplexed function with A16. 

2) CAS_n is a multiplexed function with A15. 

3) WE_n is a multiplexed function with A14. 

 
 
 

 

[Table 3]  Temperature Sensor Characteristics 
 

Grade Range 
Temperature Sensor Accuracy 

Units NOTE 
Min. Typ. Max. 

 
B 

75 < Ta < 95 - +/- 0.5 +/- 1.0  
C 

- 

40 < Ta < 125 - +/- 1.0 +/- 2.0 - 

-20 < Ta < 125 - +/- 2.0 +/- 3.0 - 

Resolution 0.25 C /LSB - 

Pin Name Description 

A0-A16 SDRAM address bus 

BA0, BA1 SDRAM bank select 

BG0, BG1 SDRAM bank group select 

RAS_n1)
 SDRAM row address strobe 

CAS_n2)
 SDRAM column address strobe 

WE_n3)
 SDRAM write enable 

CS0_n-CS1_n Rank Select Lines 

CKE0, CKE1 SDRAM clock enable lines 

ODT0, ODT1 Register on-die termination control lines 

ACT_n SDRAM activate 

DQ0-DQ63 DIMM memory data bus 

CB0-CB7 DIMM ECC check bits 

DQS0_t-DQS8_t 
SDRAM data strobes 
(positive line of differential pair) 

DQS0_c-DQS8_c 
SDRAM data strobes 
(negative line of differential pair) 

DM0_n-DM8_n, 

DBI0_n-DBI8_n 
SDRAM data masks/data bus inversion 

(x8-based x72 DIMMs) 

CK0_t, CK1_t SDRAM clocks (positive line of differential pair) 

CK0_c, CK1_c SDRAM clocks (negative line of differential pair) 

 

Pin Name Description 

SCL I2C serial bus clock for SPD/TS 

SDA I2C serial bus data line for SPD/TS 

SA0-SA2 I2C slave address select for SPD/TS 

PARITY SDRAM parity input 

VDD SDRAM I/O & core power supply 

VPP SDRAM activating power supply 

C0,C1 Chip ID lines for 3DS components 

VREFCA SDRAM command/address reference supply 

VSS Power supply return (ground) 

VDDSPD Serial SPD/TS positive power supply 

ALERT_n SDRAM ALERT_n 

RESET_n Set SDRAMs to a Known State 

EVENT_n TS signals a thermal event has occurred 

VTT 
Termination supply for the Address, Command and 

Control bus 

NC No connection 
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6. INPUT/OUTPUT FUNCTIONAL DESCRIPTION 
[Table 4]  Input/Output Function Description 

 

Symbol Type Function 

CK_t, CK_c Input 
Clock: CK_t and CK_c are differential clock inputs. All address and control input signals are sampled on the crossing 

of the positive edge of CK_t and negative edge of CK_c. 

 
 

 
CKE (CKE1) 

 
 

 
Input 

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and device input buffers and 

output drivers. Taking CKE LOW provides Precharge Power-Down and Self-Refresh operation (all banks idle), or 

Active Power-Down (row Active in any bank). CKE is synchronous for Self-Refresh exit. After VREFCA and Internal 

DQ Vref have become stable during the power on and initialization sequence, they must be maintained during all 

operations (including Self-Refresh). CKE must be maintained high throughout read and write accesses. Input buffers, 

excluding CK_t, CK_c, ODT and CKE, are disabled during power-down. Input buffers, excluding CKE, are disabled 

during Self-Refresh. 

CS_n, CS_n Input 
Chip Select: All commands are masked when CS_n is registered HIGH. CS_n provides for external Rank selection 

on systems with multiple Ranks. CS_n is considered part of the command code. 

C0, C1 Input 
Chip ID: Chip ID is only used for 3DS for 2 and4 high stack via TSV to select each slice of stacked component. Chip 

ID is considered part of the command code. 

 

 
ODT (ODT1) 

 

 
Input 

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance internal to the DDR4 

SDRAM. When enabled, ODT is only applied to each DQ, DQS_t, DQS_c and DM_n/DBI_n/TDQS_t, NU/TDQS_c 

(When TDQS is enabled via Mode Register A11=1 in MR1) signal for x8 configurations. For x16 configuration ODT is 

applied to each DQ, DQSU_t, DQSU_c, DQSL_t, DQSL_c, DMU_n, and DML_n signal. The ODT pin will be ignored 

if MR1 is programmed to disable RTT_NOM. 

ACT_n Input 
Activation Command Input: ACT_n defines the Activation command being entered along with CS_n. The input into 

RAS_n/A16, CAS_n/A15 and WE_n/A14 will be considered as Row Address A16, A15 and A14 

 

RAS_n/A16 

CAS_n/A15 
WE_n/A14 

 

Input 

Command Inputs: RAS_n/A16, CAS_n/A15 and WE_n/A14 (along with CS_n) define the command being entered. 

Those pins have multi function. For example, for activation with ACT_n Low, these are Addresses like A16, A15 and 

A14 but for non-activation command with ACT_n High, these are Command pins for Read, Write and other command 

defined in command truth table 

 
DM_n/DBI_n/ 

TDQS_t, (DMU_n/ 

DBIU_n), (DML_n/ 

DBIL_n) 

 

 
Input/ 
Output 

Input Data Mask and Data Bus Inversion: DM_n is an input mask signal for write data. Input data is masked when 

DM_n is sampled LOW coincident with that input data during a Write access. DM_n is sampled on both edges of 

DQS. DM is muxed with DBI function by Mode Register A10, A11, A12 setting in MR5. For x8 device, the function of 

DM or TDQS is enabled by Mode Register A11 setting in MR1. DBI_n is an input/output identifing whether to store/ 

output the true or inverted data. If DBI_n is LOW, the data will be stored/output after inversion inside the DDR4 

SDRAM and not inverted if DBI_n is HIGH. TDQS is only supported in X8. 

 
BG0 - BG1 

 
Input 

Bank Group Inputs: BG0 - BG1 define to which bank group an Active, Read, Write or Precharge command is being 

applied. BG0 also determines which mode register is to be accessed during a MRS cycle. X4/8 have BG0 and BG1 

but X16 has only BG0. 

BA0 - BA1 Input 
Bank Address Inputs: BA0 - BA1 define to which bank an Active, Read, Write or Precharge command is being 

applied. Bank address also determines which mode register is to be accessed during a MRS cycle. 

 

A0 - A17 

 

Input 

Address Inputs: Provide the row address for ACTIVATE Commands and the column address for Read/Write 

commands to select one location out of the memory array in the respective bank. A10/AP, A12/BC_n, RAS_n/A16, 

CAS_n/A15 and WE_n/A14 have additional functions. See other rows. The address inputs also provide the op-code 

during Mode Register Set commands. A17 is only defined for the x4 configurations 

 

A10 / AP 

 

Input 

Auto-precharge: A10 is sampled during Read/Write commands to determine whether Autoprecharge should be 

performed to the accessed bank after the Read/Write operation. (HIGH: Autoprecharge; LOW: no Autoprecharge). 

A10 is sampled during a Precharge command to determine whether the Precharge applies to one bank (A10 LOW) 

or all banks (A10 HIGH). If only one bank is to be precharged, the bank is selected by bank addresses. 

A12 / BC_n Input 
Burst Chop: A12/BC_n is sampled during Read and Write commands to determine if burst chop (on-the-fly) will be 

performed. (HIGH, no burst chop; LOW: burst chopped). See command truth table for details. 

 

RESET_n 

 

Input 

Active Low Asynchronous Reset: Reset is active when RESET_n is LOW, and inactive when RESET_n is HIGH. 

RESET_n must be HIGH during normal operation. RESET_n is a CMOS rail to rail signal with DC high and low at 

80% 

and 20% of VDD. 

 
 

DQ 

 
Input/ 
Output 

Data Input/ Output: Bi-directional data bus. If CRC is enabled via Mode register then CRC code is added at the end of 

Data Burst. Any DQ from DQ0-DQ3 may indicate the internal Vref level during test via Mode Register Setting MR4 

A4=High. During this mode, RTT value should be set to Hi-Z. Refer to vendor specific datasheets to determine which 

DQ is used. 
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[Table 4]  Input/Output Function Description 
 

Symbol Type Function 

 

DQS_t, DQS_c 

DQSU_t, DQSU_c, 

DQSL_t, DQSL_c 

 

 
Input/ 
Output 

Data Strobe: output with read data, input with write data. Edge-aligned with read data, centered in write data. For the 

x16, DQSL corresponds to the data on DQL0-DQL7; DQSU corresponds to the data on DQU0-DQU7. The data 

strobe 

DQS_t, DQSL_t and DQSU_t are paired with differential signals DQS_c,, DQSL_c, and DQSU_c, respectively, to 

provide differential pair signaling to the system during reads and writes. DDR4 SDRAMs support differential data 

strobe only and does not support single-ended. 

 
 

TDQS_t, TDQS_c 

 
 
 

Output 

Termination Data Strobe: TDQS_t/TDQS_c is applicable for x8 DRAMs only. When enabled via Mode Register A11 = 

1 in MR1, the DRAM will enable the same termination resistance function on TDQS_t/TDQS_c that is applied to 

DQS_t/DQS_c. When disabled via mode register A11 = 0 in MR1, DM/DBI/TDQS will provide the data mask function 

or Data Bus Inversion depending on MR5; A11,12,10and TDQS_c is not used. x4/x16 DRAMs must disable the 

TDQS 

function via mode register A11 = 0 in MR1. 

 

PAR 

 

Input 

Command and Address Parity Input: DDR4 Supports Even Parity check in DRAM with MR setting. Once it’s enabled 
via Register in MR5, then DRAM calculates Parity with ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, BG0-BG1, 

BA0-BA1, A17-A0 and C0-C2 (3DS devices). Command and address inputs shall have parity check performed when 

commands are latched via the rising edge of CK_t and when CS_n is low. 

 
 

ALERT_n 

 

 
Output/ 

Input 

ALERT: It has multi functions such as CRC error flag, Command and Address Parity error flag as Output signal. If 

there is error in CRC, then ALERT_n goes LOW for the period time interval and goes back HIGH. If there is error in 

Command Address Parity Check, then ALERT_n goes LOW for relatively long period until on going DRAM internal 

recovery transaction is complete. During Connectivity Test mode this pin works as input. 

Using this signal or not is dependent on system. In case of not connected as Signal, ALERT_n Pin must be bounded 

to VDD on board. 

 

 
TEM 

 

 
Input 

Connectivity Test Mode Enable : Required on X16 devices and optional input on x4/x8 with densities equal to or 

greater than 8Gb.HIGH in this pin will enable Connectivity Test Mode operation along with other pins. It is a CMOS 

rail 

to rail signal with AC high and low at 80% and 20% of VDD. Using this signal or not is dependent on System. This pin 

may be DRAM internally pulled low through a weak pull-down resistor to VSS. 

NC  No Connect: No internal electrical connection is present. 

VDDQ Supply DQ Power Supply: 1.2V +/- 0.06V 

VSSQ Supply DQ Ground 

VDD Supply Power Supply: 1.2 V +/- 0.06 V 

VSS Supply Ground 

VPP Supply DRAM Activating Power Supply: 2.5V (2.375V min, 2.75V max) 

VREFCA Supply Reference voltage for CA 

ZQ Supply Reference Pin for ZQ calibration 

NOTE : 

1) Input only pins (BG0-BG1, BA0-BA1, A0-A17, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, CS_n, CKE, ODT and RESET_n) do not supply termination. 
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6.1 Address Mirroring 
DDR4 two rank SODIMMs will use address mirroring. DRAMs for even ranks will be placed on the front side of the module. DRAMs for odd ranks will be 

placed on the back side of the module. Wiring of the address bus will be as defined in Table 5. 

Since the cross-wired pins have no secondary functions, there is no problem in normal operation. Any data written is read the same way. There are 

limitations however. When writing to the internal registers with a "load mode" operation, the specific address is required. This requires the controller to 

know if the rank is mirrored or not. There is a bit assignment in the SPD that indicates whether the module has been designed with the mirrored feature or 

not. See the DDR4 SPD specification for these details. The controller must read the SPD and have the capability of de-mirroring the address when 

accessing the odd ranks. 

 
[Table 5] DIMM Wiring Definition for Address Mirroring 

 

Signal Name DRAM Ball Lable 
Comment 

Connector Even Rank Odd Rank 

A0 A0 A0  
A1 A1 A1  
A2 A2 A2  
A3 A3 A4  
A4 A4 A3  
A5 A5 A6  
A6 A6 A5  
A7 A7 A8  
A8 A8 A7  
A9 A9 A9  

A10/AP A10/AP A10/AP  
A11 A11 A13  

A12/BC_n A12/BC_n A12/BC_n  
A13 A13 A11  

A14/WE_n A14/WE_n A14/WE_n  
A15/CAS_n A15/CAS_n A15/CAS_n  
A16/RAS_n A16/RAS_n A16/RAS_n  

A17 A17 A17 Not valid for x8 and x16 DRAM components up to 16Gb. 

BA0 BA0 BA1  
BA1 BA1 BA0  

BG0 BG0 BG1 BG1 is not valid for x16 DRAM components. For x16 DRAM components 
signal BG0 will be wired to DRAM ball BG0 for both ranks. 

BG1 BG1 BG0 BG1 is not valid for x16 DRAM components. For x16 DRAM components 
signal BG0 will be wired to DRAM ball BG0 for both ranks. 
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7. FUNCTION BLOCK DIAGRAM 

7.1 16GB, 2Gx64 Module (Populated as 1 ranks of x8 DDR4 SDRAMs) 
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NOTE: 

1) Unless otherwise noted, resistor values are 15 ± 5%. 

2) ZQ resistors are 240 ± 1%. For all other resistor values refer to the appropriate wiring diagram. 
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8. ABSOLUTE MAXIMUM RATINGS 

[Table 6] Absolute Maximum DC Ratings 
 

Symbol Parameter Rating Units NOTE 

VDD Voltage on VDD pin relative to Vss -0.3 ~ 1.5 V 1,3 

VDDQ Voltage on VDDQ pin relative to Vss -0.3 ~ 1.5 V 1,3 

VPP Voltage on VPP pin relative to Vss -0.3 ~ 3.0 V 4 

VIN, VOUT Voltage on any pin except VREFCA relative to Vss -0.3 ~ 1.5 V 1,3,5 

TSTG Storage Temperature -55 to +100 °C 1,2 

NOTE : 

1) Stresses greater than 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 above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability 

2) Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions, please refer to JESD51-2 standard. 

3) VDD and VDDQ must be within 300mV of each other at all times; and VREFCA must be not greater than 0.6 x VDDQ, When VDD and VDDQ are less than 500mV; VREFCA 
may be equal to or less than 300mV 

4) VPP must be equal or greater than VDD/VDDQ at all times. 

5) Overshoot area above 1.5 V is specified in 10.3.4 Address, Command and Control Overshoot and Undershoot specifications, 10.3.5 Clock Overshoot and Undershoot 
Specifications and 10.3.6 Data, Strobe and Mask Overshoot and Undershoot Specifications. 

 

 

9. AC & DC OPERATING CONDITIONS 
 

[Table 7] Recommended DC Operating Conditions 
 

Symbol Parameter 
Rating 

Unit NOTE 
Min. Typ. Max. 

VDD Supply Voltage 1.14 1.2 1.26 V 1,2,3 

VDDQ Supply Voltage for Output 1.14 1.2 1.26 V 1,2,3 

VPP Peak-to-Peak Voltage 2.375 2.5 2.75 V 3 

NOTE : 

1) Under all conditions VDDQ must be less than or equal to VDD. 

2) VDDQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together. 

3) DC bandwidth is limited to 20MHz. 

 

 
[Table 8] Recommended Operating Temperature Ranges 

 

Parameter/Condition Device Rating Symbol Min Max-Normal Max-Extended 

Commercial Temperature CT TOPER-CT 0C 85C 95C 

NOTE : 
1) The operating temperature is the case surface temperature on the center-top side of the DDR4 device. For measurements conditions, refer to JESD51-2. 
2) Max-Normal is the maximum limit when device is operating in the Normal Temperature Mode. 
3) Max-Extended is the maximum limit when device is operating in the Extended Temperature Mode. 
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10. AC & DC INPUT MEASUREMENT LEVELS 

10.1 AC & DC Logic Input Levels for Single-Ended Signals 
 

[Table 9] Single-ended AC & DC Input Levels for Command and Address 
 

Symbol Parameter 
DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200 

Unit NOTE 
Min. Max. Min. Max. 

VIH.CA(DC75) DC input logic high VREFCA+ 0.075 VDD - - V  

VIL.CA(DC75) DC input logic low VSS VREFCA-0.075 - - V  

VIH.CA(DC65) DC input logic high - - VREFCA+ 0.065 VDD V  

VIL.CA(DC65) DC input logic low - - VSS VREFCA-0.065 V  

VIH.CA(AC100) AC input logic high VREF + 0.1 Note 2 - - V 1 

VIL.CA(AC100) AC input logic low Note 2 VREF - 0.1 - - V 1 

VIH.CA(AC90) AC input logic high - - VREF + 0.09 Note 2 V 1 

VIL.CA(AC90) AC input logic low - - Note 2 VREF - 0.09 V 1 

VREFCA(DC) Reference Voltage for ADD, CMD inputs 0.49*VDD 0.51*VDD 0.49*VDD 0.51*VDD V 2,3 

NOTE : 

1) See “Overshoot and Undershoot Specifications” on section10.3 AC and DC Logic Input Levels for Differential Signals. 

2) The AC peak noise on VREFCA may not allow VREFCA to deviate from VREFCA(DC) by more than ± 1% VDD (for reference : approx. ± 12mV) 
3) For reference : approx. VDD/2 ± 12mV. 

 

10.2 AC and DC Input Measurement Levels: VREF  Tolerances. 
The DC-tolerance limits and ac-noise limits for the reference voltages VREFCA is illustrated in Figure 1. It shows a valid reference voltage VREF(t) as a 

function of time. (VREF stands for VREFCA). 

VREF(DC) is the linear average of VREF(t) over a very long period of time (e.g. 1 sec). This average has to meet the min/max requirement in Table 9. 

Furthermore VREF(t) may temporarily deviate from VREF(DC) by no more than ± 1% VDD. 

 
Figure 1. Illustration of VREF(DC) tolerance and VREF AC-noise limits 

 
 

The voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC) and VIL(DC) are dependent on VREF. 

"VREF" shall be understood as VREF(DC), as defined in Figure 1. 

This clarifies, that DC-variations of VREF affect the absolute voltage a signal has to reach to achieve a valid high or low level and therefore the time to 

which setup and hold is measured. System timing and voltage budgets need to account for VREF(DC) deviations from the optimum position within the 

data-eye of the input signals. 

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated with VREF AC-noise. Timing 

and voltage effects due to AC-noise on VREF up to the specified limit (+/-1% of VDD) are included in DRAM timings and their associated deratings. 
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10.3 AC and DC Logic Input Levels for Differential Signals 
10.3.1 Differential Signals Definition 

 

 

Figure 2. Definition of differential ac-swing and “time above ac-level” tDVAC 

NOTE: 
1) Differential signal rising edge from VIL.DIFF.MAX to VIH.DIFF.MIN must be monotonic slope. 

2) Differential signal falling edge from VIH.DIFF.MIN to VIL.DIFF.MAX must be monotonic slope. 

 

10.3.2 Differential Swing Requirements for Clock (CK_t - CK_c) 
[Table 10] Differential AC and DC Input Levels 

 

Symbol Parameter 
DDR4 -1600/1866/2133 DDR4 -2400/2666 DDR4-2933 DDR4-3200 uni 

t 
NOT 

E min max min max min max min max 

VIHdiff differential input high 150 NOTE 3 135 NOTE 3 125 NOTE 3 110 NOTE 3 mV 1 

VILdiff differential input low NOTE 3 -150 NOTE 3 -135 NOTE 3 -125 NOTE 3 -110 mV 1 

VIHdiff(AC) differential input high ac 
2 x (VIH(AC) - 

VREF) 
NOTE 3 

2 x (VIH(AC) - 

VREF) 
NOTE 3 

2 x (VIH(AC) - 

VREF) 
NOTE 3 

2 x (VIH(AC) - 

VREF) 
NOTE 3 V 2 

VILdiff(AC) differential input low ac NOTE 3 
2 x (VIL(AC) - 

VREF) 
NOTE 3 

2 x (VIL(AC) - 

VREF) 
NOTE 3 

2 x (VIL(AC) - 

VREF) 
NOTE 3 

2 x (VIL(AC) - 

VREF) 
V 2 

NOTE : 

1) Used to define a differential signal slew-rate. 

2) for CK_t - CK_c use VIH.CA/VIL.CA(AC) of ADD/CMD and VREFCA; 

3) These values are not defined; however, the differential signals CK_t - CK_c, need to be within the respective limits (VIH.CA(DC) max, VIL.CA(DC)min) for single-ended signals 

as well as the limitations for overshoot and undershoot. 

 

[Table 11] Allowed Time Before Ringback (tDVAC) for CK_t - CK_c 
 

Slew Rate [V/ns] 
tDVAC [ps] @ |VIH/Ldiff(AC)| = 200mV 

min max 

> 4.0 120 - 

4.0 115 - 

3.0 110 - 

2.0 105 - 

1.8 100 - 

1.6 95 - 

1.4 90 - 

1.2 85 - 

1.0 80 - 

< 1.0 80 - 
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10.3.3 Single-ended Requirements for Differential Signals 

Each individual component of a differential signal (CK_t, CK_c) has also to comply with certain requirements for single-ended signals. 

 
CK_t and CK_c have to approximately reach VSEHmin / VSELmax (approximately equal to the ac-levels (VIH.CA(AC) / VIL.CA(AC)) for ADD/CMD 

signals) in every half-cycle. 

 
Note that the applicable ac-levels for ADD/CMD might be different per speed-bin etc. E.g., if Different value than VIH.CA(AC100)/VIL.CA(AC100) is used 

for ADD/CMD signals, then these ac-levels apply also for the single-ended signals CK_t and CK_c. 

 
 

 
 

Figure 3. Single-ended requirement for differential signals. 
 

Note that, while ADD/CMD signal requirements are with respect to VrefCA, the single-ended components of differential signals have a requirement with 

respect to VDD / 2; this is nominally the same. The transition of single-ended signals through the ac-levels is used to measure setup time. For single- 

ended components of differential signals the requirement to reach VSELmax, VSEHmin has no bearing on timing, but adds a restriction on the common 

mode characteristics of these signals. 

 
[Table 12] Single-ended Levels for CK_t, CK_c 

 

Sym- 

bol 
Parameter 

DDR4-1600/1866/2133 DDR4-2400/2666 DDR4-2933 DDR4-3200 Un 

it 

NOT 

E Min Max Min Max Min Max Min Max 

VSEH 
Single-ended high-level 

for CK_t, CK_c 

(VDD/ 

2)+0.100 
NOTE3 

(VDD/ 

2)+0.095 
NOTE3 

(VDD/ 

2)+0.085 
NOTE3 

(VDD/ 

2+0.085) 
NOTE3 V 1, 2 

VSEL 
Single-ended low-level 

for CK_t, CK_c 
NOTE3 

(VDD/2)- 

0.100 
NOTE3 

(VDD/2)- 

0.095 
NOTE3 

(VDD/2)- 

0.085 
NOTE3 

(VDD/2- 

0.085) 
V 1, 2 

NOTE : 

1) For CK_t - CK_c use VIH.CA/VIL.CA(AC) of ADD/CMD; 

2) VIH(AC)/VIL(AC) for ADD/CMD is based on VREFCA; 

3) These values are not defined, however the single-ended signals CK_t - CK_c need to be within the respective limits (VIH.CA(DC) max, VIL.CA(DC)min) for single-ended 

signals as well as the limitations for overshoot and undershoot. 

10.3.4 Address, Command and Control Overshoot and Undershoot  
specifications 

 

[Table 13] AC overshoot/undershoot specification for Address, Command and Control pins 
 

 
Parameter 

 
Symbol 

Specification  
Unit 

 

NOT 

E DDR4- 

1600 

DDR4- 

1866 

DDR4- 

2133 

DDR4- 

2400 

DDR4- 

2666 

DDR4- 

2933 

DDR4- 

3200 
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Maximum peak amplitude above VAOS VAOSP 0.06 V  
Upper boundary of overshoot area AAOS1 VAOS VDD +0.24 V 1 

Maximum peak amplitude allowed for undershoot VAUS 0.30 V  
Maximum overshoot area per 1 tCK above VAOS AAOS2 0.0083 0.0071 0.0062 0.0055 0.0055 0.0055 0.0055 V-ns  
Maximum overshoot area per 1 tCK between VDD 

and VAOS 
AAOS1 0.2550 0.2185 0.1914 0.1699 0.1699 0.1699 0.1699 V-ns 

 

Maximum undershoot area per 1 tCK below VSS AAUS 0.2644 0.2265 0.1984 0.1762 0.1762 0.1762 0.1762 V-ns  
(A0-A13,A17,BG0-BG1,BA0-BA1,ACT_n,RAS_n/A16,CAS_n/A15,WE_n/A14,CS_n,CKE,ODT,C2-C0)  

NOTE : 

1) The value of VAOS matches VDD absolute max as defined in Table 6 Absolute Maximum DC Ratings if VDD equals VDD max as defined in Table 7 Recommended DC 

Operating Conditions. If VDD is above the recommended operating conditions, VAOS remains at VDD absolute max as defined in Table 6. 

 

Figure 4. Address, Command and Control Overshoot and Undershoot Definition 
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10.3.5 Clock Overshoot and Undershoot  Specifications 
 

[Table 14] AC overshoot/undershoot specification for Clock 
 

 
Parameter 

 
Symbol 

Specification  
Unit 

 
NOTE DDR4- 

1600 

DDR4- 

1866 

DDR4- 

2133 

DDR4- 

2400 

DDR4- 

2666 

DDR4- 

2933 

DDR4- 

3200 

Maximum peak amplitude above VCOS VCOSP 0.06 V  
Upper boundary of overshoot area ADOS1 VCOS VDD +0.24 V 1 

Maximum peak amplitude allowed for undershoot VCUS 0.30 V  
Maximum overshoot area per 1 UI above VCOS ACOS2 0.0038 0.0032 0.0028 0.0025 0.0025 0.0025 0.0025 V-ns  
Maximum overshoot area per 1 UI between VDD 

and VDOS 
ACOS1 0.1125 0.0964 0.0844 0.0750 0.0750 0.0750 0.0750 V-ns 

 

Maximum undershoot area per 1 UI below VSS ACUS 0.1144 0.0980 0.0858 0.0762 0.0762 0.0762 0.0762 V-ns  
(CK_t, CK_c)  

NOTE : 
1) The value of VCOS matches VDD absolute max as defined in Table 6 Absolute Maximum DC Ratings if VDD equals VDD max as defined in Table 7 Recommended DC 

Operating Conditions. If VDD is above the recommended operating conditions, VCOS remains at VDD absolute max as defined in Table 6. 

 
 

Figure 5. Clock Overshoot and Undershoot Definition 
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10.3.6 Data, Strobe and Mask Overshoot and Undershoot Specifications 
 

[Table 15] AC overshoot/undershoot specification for Data, Strobe and Mask 
 

 
Parameter 

 
Symbol 

Specification  
Unit 

 

NOT 

E DDR4- 

1600 

DDR4- 

1866 

DDR4- 

2133 

DDR4- 

2400 

DDR4- 

2666 

DDR4- 

2933 

DDR4- 

3200 

Maximum peak amplitude above VDOS VDOSP 0.16 V  
Upper boundary of overshoot area ADOS1 VDOS VDDQ + 0.24 V 1 

Lower boundary of undershoot area ADUS1 VDUS 0.30 V 2 

Maximum peak amplitude below VDUS VDUSP 0.10 0.10 0.10 0.10 0.10 0.10 0.10 V  
Maximum overshoot area per 1 UI above VDOS ADOS2 0.0150 0.0129 0.0113 0.0100 0.0100 0.0100 0.0100 V-ns  
Maximum overshoot area per 1 UI between 

VDDQ and VDOS 
ADOS1 0.1050 0.0900 0.0788 0.0700 0.0700 0.0700 0.0700 V-ns  

Maximum undershoot area per 1 UI between 

VSSQ and VDUS1 
ADUS1 0.1050 0.0900 0.0788 0.0700 0.0700 0.0700 0.0700 V-ns  

Maximum undershoot area per 1 UI below VDUS ADUS2 0.0150 0.0129 0.0113 0.0100 0.0100 0.0100 0.0100 V-ns  

NOTE : 

1) The value of VDOS matches (VIN, VOUT) max as defined in Table 6 Absolute Maximum DC Ratings if VDDQ equals VDDQ max as defined in Table 7 Recommended DC 

Operating Conditions. If VDDQ is above the recommended operating conditions, VDOS remains at (VIN, VOUT) max as defined in Table 6. 
2) The value of VDUS matches (VIN, VOUT) min as defined in Table 6 Absolute Maximum DC Ratings 

 
 

Figure 6. Data, Strobe and Mask Overshoot and Undershoot Definition 
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10.4 Slew Rate Definitions 
10.4.1 Slew Rate Definitions for Differential Input Signals (CK) 
Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown in Table 16 and Figure 7. 

 

[Table 16] Differential Input Slew Rate Definition 
 

Description 
Measured 

Defined by 
from to 

Differential input slew rate for rising edge (CK_t - CK_c) VILdiffmax VIHdiffmin [VIHdiffmin - VILdiffmax] / DeltaTRdiff 

Differential input slew rate for falling edge (CK_t - CK_c) VIHdiffmin VILdiffmax [VIHdiffmin - VILdiffmax] /  DeltaTFdiff 

NOTE : 
1) The differential signal (i,e.,CK_t - CK_c) must be linear between these thresholds. 

 

 
Figure 7.  Differential Input Slew Rate Definition for CK_t, CK_c 
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10.4.2 Slew Rate Definition for Single-ended Input Signals (CMD/ADD) 
 

 

Figure 8. Single-ended Input Slew Rate definition for CMD and ADD 

 
 

NOTE : 

1) Single-ended input slew rate for rising edge = {VIHCA(AC)Min - VILCA(DC)Max} / Delta TR single. 

2) Single-ended input slew rate for falling edge = {VIHCA(DC)Min - VILCA(AC)Max} / Delta TF single. 

3) Single-ended signal rising edge from VILCA(DC)Max to VIHCA(DC)Min must be monotonic slope. 

4) Single-ended signal falling edge from VIHCA(DC)Min to VILCA(DC)Max must be monotonic slope. 
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10.5 Differential Input Cross Point Voltage 
To guarantee tight setup and hold times as well as output skew parameters with respect to clock, each cross point voltage of differential input signals 

(CK_t, CK_c) must meet the requirements in Table 17. The differential input cross point voltage VIX is measured from the actual cross point of true and 

complement signals to the midlevel between of VDD and VSS. 

 

Figure 9. Vix Definition (CK) 

 

 
[Table 17] Cross Point Voltage for Differential Input Signals (CK) 

 

Symbol Parameter 
DDR4-1600/1866/2133/2400 

min max 

 
- 

 
Area of VSEH, VSEL 

VSEL < VDD/2 

- 145mV 

VDD/2 - 145mV 

=< VSEL =< 

VDD/2 - 100mV 

VDD/2 + 100mV 

=< VSEH =< 

VDD/2 + 145mV 

VDD/2 + 145mV 

< VSEH 

VlX(CK) 
Differential Input Cross Point Voltage relative to 

VDD/2 for CK_t, CK_c 
-120mV 

-(VDD/2 - VSEL) + 

25mV 

(VSEH - VDD/2) - 

25mV 
120mV 

 
 

Symbol 
 

Parameter 
DDR4-2666/2933/3200 

min max 

 
- 

 
Area of VSEH, VSEL 

VSEL < 

VDD/2 - 145 mV 

VDD/2 - 145 mV 

=< VSEL =< 

VDD/2 - 100 mV 

VDD/2 + 100 mV 

=< VSEH =< 

VDD/2 + 145 mV 

VDD/2 + 145 mV 

< VSEH 

VlX(CK) 
Differential Input Cross Point Voltage relative to 

VDD/2 for CK_t, CK_c 
-110 mV 

- (VDD/2 - VSEL) 

+ 30 mV 

(VSEH - VDD/2) 

- 30 mV 
110mV 
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10.6 CMOS rail to rail Input Levels 
10.6.1 CMOS rail to rail Input Levels for RESET_n 

 

[Table 18] CMOS rail to rail Input Levels for RESET_n 
 

Parameter Symbol Min Max Unit NOTE 

AC Input High Voltage VIH(AC)_RESET 0.8*VDD VDD V 6 

DC Input High Voltage VIH(DC)_RESET 0.7*VDD VDD V 2 

DC Input Low Voltage VIL(DC)_RESET VSS 0.3*VDD V 1 

AC Input Low Voltage VIL(AC)_RESET VSS 0.2*VDD V 7 

Rising time TR_RESET - 1.0 us 4 

RESET pulse width tPW_RESET 1.0 - us 3,5 

NOTE : 
1) After RESET_n is registered LOW, RESET_n level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, SDRAM may not be reset. 
2) Once RESET_n is registered HIGH, RESET_n level must be maintained above VIH(DC)_RESET, otherwise, SDRAM operation will not be guaranteed until it is reset 

asserting RESET_n signal LOW. 
3) RESET is destructive to data contents. 
4) No slope reversal(ringback) requirement during its level transition from Low to High. 
5) This definition is applied only “Reset Procedure at Power Stable”. 
6) Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings. 
7) Undershoot might occur. It should be limited by Absolute Maximum DC Ratings. 

 

 
 

Figure 10. RESET_n Input Slew Rate Definition 
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10.7 AC and DC Logic Input Levels for DQS Signals 
10.7.1 Differential signal definition 

 

Figure 11. Definition of differential DQS Signal AC-swing Level 

 
 

10.7.2 Differential swing requirements for DQS (DQS_t - DQS_c) 
 

[Table 19] Differential AC and DC Input Levels for DQS 
 

 
Symbol 

 
Parameter 

DDR4-1600, 1866, 

2133 
DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 

 
Unit 

 
Note 

Min Max Min Max Min Max Min Max Min Max 

VIHDiffPeak VIH.DIFF.Peak  Voltage 186 Note2 160 Note2 150 Note2 145 Note2 140 Note2 mV 1 

VILDiffPeak VIL.DIFF.Peak  Voltage Note2 -186 Note2 -160 Note2 -150 Note2 -145 Note2 -140 mV 1 

NOTE : 

1) Used to define a differential signal slew-rate. 
2) These values are not defined; however, the differential signals DQS_t - DQS_c, need to be within the respective limits Overshoot, Undershoot Specification for single-ended 

signals. 
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10.7.3 Peak voltage calculation method 
The peak voltage of Differential DQS signals are calculated in a following equation. 

VIH.DIFF.Peak Voltage = Max(f(t)) 

VIL.DIFF.Peak Voltage = Min(f(t)) 

f(t) = VDQS_t - VDQS_c 

 
The Max(f(t)) or Min(f(t)) used to determine the midpoint which to reference the +/-35% window of the exempt non-monotonic signaling shall be the small- 

est peak voltage observed in all UIs. 

 

 

 
 

Figure 12. Definition of differential DQS Peak Voltage and rage of exempt non-monotonic signaling 
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10.7.4 Differential Input Cross Point Voltage 

To achieve tight RxMask input requirements as well as output skew parameters with respect to strobe, the cross point voltage of differential input signals 

(DQS_t, DQS_c) must meet the requirements in Table 20. The differential input cross point voltage VIX_DQS (VIX_DQS_FR and VIX_DQS_RF) is 

measured from the actual cross point of DQS_t, DQS_c relative to the VDQSmid of the DQS_t and DQS_c signals. 

VDQSmid is the midpoint of the minimum levels achieved by the transitioning DQS_t and DQS_c signals, and noted by VDQS_trans. VDQS_trans is the 

difference between the lowest horizontal tangent above VDQSmid of the transitioning DQS signals and the highest horizontal tangent below VDQSmid of 

the transitioning DQS signals. 

A non-monotonic transitioning signal’s ledge is exempt or not used in determination of a horizontal tangent provided the said ledge occurs within +/- 35% 

of the midpoint of either VIH.DIFF.Peak Voltage (DQS_t rising) or VIL.DIFF.Peak Voltage (DQS_c rising), refer to Figure 12. A secondary horizontal tan- 

gent resulting from a ring-back transition is also exempt in determination of a horizontal tangent. That is, a falling transition’s horizontal tangent is derived 

from its negative slope to zero slope transition (point A in Figure 13) and a ring-back’s horizontal tangent derived from its positive slope to zero slope tran- 

sition (point B in Figure 13) is not a valid horizontal tangent; and a rising transition’s horizontal tangent is derived from its positive slope to zero slope tran- 

sition (point C in Figure 13) and a ring-back’s horizontal tangent derived from its negative slope to zero slope transition (point D in Figure 13) is not a valid 

horizontal tangent 

 
 

 
Figure 13. Vix Definition (DQS) 

 
 

[Table 20] Cross point voltage for DQS differential input signals 

Symbol Parameter 
DDR4-1600/1866/2133/ 2400 

DDR4-
2666/2933/3200 Unit Note 

Min Max Min Max 

Vix_DQS_ratio 
DQS_t and DQS_c crossing relative to the 

midpoint of the DQS_t and DQS_c signal swings 
- 25 - 25 % 1, 2 

VDQSmid_to_Vcent VDQSmid offset relative to Vcent_DQ(midpoint) - 
min 

(VIHdiff,50) 
- 

min 

(VIHdiff,5

0) 

mV 3, 4, 5 

 
 
NOTE : 
1) Vix_DQS_Ratio is DQS VIX crossing (Vix_DQS_FR or Vix_DQS_RF) divided by VDQS_trans. VDQS_trans is the difference between the lowest horizontal tangent above 

VDQSmid of the transitioning DQS signals and the highest horizontal tangent below VDQSmid of the transitioning DQS signals. 

2) VDQSmid will be similar to the VREFDQ internal setting value obtained during Vref Training if the DQS and DQs drivers and paths are matched. 

3) The maximum limit shall not exceed the smaller of VIHdiff minimum limit or 50mV. 

4) VIX measurements are only applicable for transitioning DQS_t and DQS_c signals when toggling data, preamble and high-z states are not applicable conditions. 

5) The parameter VDQSmid is defined for simulation and ATE testing purposes, it is not expected to be tested in a system. 
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10.7.5 Differential Input Slew Rate Definition 
Input slew rate for differential signals (DQS_t, DQS_c) are defined and measured as shown in Figure 13 and Figure 14. 

 

 
 

NOTE : 

Figure 14. Differential Input Slew Rate Definition for DQS_t, DQS_c 

1) Differential signal rising edge from VILDiff_DQS to VIHDiff_DQS must be monotonic slope. 
2) Differential signal falling edge from VIHDiff_DQS to VILDiff_DQS must be monotonic slope. 

 

[Table 21] Differential Input Slew Rate Definition for DQS_t, DQS_c 
 

Description 
Measured 

Defined by 
From To 

Differential input slew rate for rising edge (DQS_t - DQS_c) VILDiff_DQS VIHDiff_DQS |VILDiff_DQS - VIHDiff_DQS|/DeltaTRdiff 

Differential input slew rate for falling edge (DQS_t - DQS_c) VIHDiff_DQS VILDiff_DQS |VILDiff_DQS - VIHDiff_DQS|/DeltaTFdiff 

 

 
[Table 22] Differential Input Level for DQS_t, DQS_c 

 

Symbol Parameter 
DDR4-1600/1866/2133 DDR4-2400/2666 DDR4-2933 DDR4-3200 

Unit NOTE 
Min Max Min Max Min Max Min Max 

VIHDiff_DQS Differential Input High 136 - 130 - 115 - 110 - mV  
VILDiff_DQS Differential Input Low - -136 - -130 - -115 - -110 mV  

 
 

[Table 23] Differential Input Slew Rate for DQS_t, DQS_c 
 

Symbol Parameter 
DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200 

Unit NOTE 
Min Max Min Max 

SRIdiff Differential Input Slew Rate 3 18 2.5 18 V/ns  
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11. AC AND DC OUTPUT MEASUREMENT LEVELS 

11.1 Output Driver DC Electrical Characteristics 

The DDR4 driver supports two different Ron values. These Ron values are referred as strong(low Ron) and weak mode(high Ron). A functional 

representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows: 

 

The individual pull-up and pull-down resistors (RONPu and RONPd) are defined as follows: 
 

 

Figure 15. Output driver 



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 28 
 

 
[Table 24] Output Driver DC Electrical Characteristics, assuming RZQ=240ohm; entire operating temperature range; after proper ZQ calibration 

RONNOM Resistor Vout Min Nom Max Unit NOTE 

 
 

34 

 
RON34Pd 

VOLdc= 0.5*VDDQ 0.73 1 1.1 RZQ/7 1,2 

VOMdc= 0.8* VDDQ 0.83 1 1.1 RZQ/7 1,2 

VOHdc= 1.1* VDDQ 0.83 1 1.25 RZQ/7 1,2 

 
RON34Pu 

VOLdc= 0.5* VDDQ 0.9 1 1.25 RZQ/7 1,2 

VOMdc= 0.8* VDDQ 0.9 1 1.1 RZQ/7 1,2 

VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ/7 1,2 

 
 

48 

 
RON48Pd 

VOLdc= 0.5*VDDQ 0.73 1 1.1 RZQ/5 1,2 

VOMdc= 0.8* VDDQ 0.83 1 1.1 RZQ/5 1,2 

VOHdc= 1.1* VDDQ 0.83 1 1.25 RZQ/5 1,2 

 
RON48Pu 

VOLdc= 0.5* VDDQ 0.9 1 1.25 RZQ/5 1,2 

VOMdc= 0.8* VDDQ 0.9 1 1.1 RZQ/5 1,2 

VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ/5 1,2 

Mismatch between pull-up and 

pull-down, MMPuPd 
VOMdc= 0.8* VDDQ -10 - 17 % 1,2,3,4 

Mismatch DQ-DQ within byte vari- 

ation pull-up, MMPudd 
VOMdc= 0.8* VDDQ - - 10 % 1,2,4 

Mismatch DQ-DQ within byte vari- 

ation pull-dn, MMPddd 
VOMdc= 0.8* VDDQ - - 10 % 1,2,4 

NOTE : 

1) The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or voltage changes after calibra- 
tion, see following section on voltage and temperature sensitivity. 11.1.1 Output Driver Temperature and Voltage Sensitivity. 

2) Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to achieve the linearity spec shown 
above, e.g. calibration at 0.5 * VDDQ and 1.1 * VDDQ. 

3) Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately; Ronnom is the nominal Ron 
value 

 

 
4) RON variance range ratio to RON Nominal value in a given component, including DQS_t and DQS_c. 

 

 
5) This parameter of x16 device is specified for Upper byte and Lower byte. 
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11.1.1 Output Driver Temperature and Voltage Sensitivity 
 

If temperature and/or voltage change after calibration, the tolerance limits widen according to the equations and tables below. 

ΔT = T - T(@calibration); ΔV = VDDQ - VDDQ(@ calibration); VDD = VDDQ 

[Table 25] Output Driver Sensitivity Definitions 
 

Symbol Min Max Unit 

RONPU@ VOH(DC) 0.6 - dRONdTH × |ΔT| - dRONdVH × |ΔV| 1.1 - dRONdTH × |ΔT| + dRONdVH × |ΔV| RZQ/6 

RON@ VOM(DC) 0.9 - dRONdTM × |ΔT| - dRONdVM × |ΔV| 1.1 + dRONdTM × |ΔT| + dRONdVM × |ΔV| RZQ/6 

RONPD@ VOL(DC) 0.6 - dRONdTL × |ΔT| - dRONdVL × |ΔV| 1.1 + dRONdTL × |ΔT| + dRONdVL × |ΔV| RZQ/6 

 
[Table 26] Output Driver Temperature and Voltage Sensitivity 

 

 
Symbol 

Voltage and Temperature Range  
Unit 

Min Max 

dRONdTM 0 1.5 %/°C 

dRONdVM 0 0.15 %/mV 

dRONdTL 0 1.5 %/°C 

dRONdVL 0 0.15 %/mV 

dRONdTH 0 1.5 %/°C 

dRONdVM 0 0.15 %/mV 

 
 

11.1.2 Alert_n output Drive Characteristic 
A functional representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows: 

 

 
 
 

Resistor Vout Min Max Unit NOTE 

 
RONPd 

VOLdc= 0.1* VDDQ 0.3 1.2 34Ω 1 

VOMdc = 0.8* VDDQ 0.4 1.2 34Ω 1 

VOHdc = 1.1* VDDQ 0.4 1.4 34Ω 1 

NOTE: 
1) VDDQ voltage is at VDDQ DC. 
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11.1.3 Output Driver Characteristic of Connectivity Test (CT) Mode 

Following Output driver impedance RON will be applied Test Output Pin during Connectivity Test (CT) Mode. 

The individual pull-up and pull-down resistors (RONPu_CT and RONPd_CT) are defined as follows: 

 

 

Figure 16. Output Driver 

 
RONNOM_CT Resistor Vout Max Units NOTE 

 
 
 
 

34 

 

 
RONPd_CT 

VOBdc = 0.2 x VDDQ 1.9 34 1 

VOLdc = 0.5 x VDDQ 2.0 34 1 

VOMdc = 0.8 x VDDQ 2.2 34 1 

VOHdc = 1.1 x VDDQ 2.5 34 1 

 

 
RONPu_CT 

VOBdc = 0.2 x VDDQ 2.5 34 1 

VOLdc = 0.5 x VDDQ 2.2 34 1 

VOMdc = 0.8 x VDDQ 2.0 34 1 

VOHdc = 1.1 x VDDQ 1.9 34 1 

NOTE : 

1) Connectivity test mode uses un-calibrated drivers, showing the full range over PVT. No mismatch between pull up and pull down is defined. 



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 31 
 

11.2 Single-ended AC & DC Output Levels 
[Table 27] Single-ended AC & DC Output Levels 

 

Symbol Parameter DDR4-1600/1866/2133/2400/2666/2933/3200 Units NOTE 

VOH(DC) DC output high measurement level (for IV curve linearity) 1.1 x VDDQ V  

VOM(DC) DC output mid measurement level (for IV curve linearity) 0.8 x VDDQ V  

VOL(DC) DC output low measurement level (for IV curve linearity) 0.5 x VDDQ V  

VOH(AC) AC output high measurement level (for output SR) (0.7 + 0.15) x VDDQ V 1 

VOL(AC) AC output low measurement level (for output SR) (0.7 - 0.15) x VDDQ V 1 

NOTE : 

1) The swing of ± 0.15 × VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver impedance of RZQ/7Ω and an effective test 

load of 50Ω to VTT = VDDQ. 

 

11.3 Differential AC & DC Output Levels 
 

[Table 28] Differential AC & DC Output Levels 
 

Symbol Parameter DDR4-1600/1866/2133/2400/2666/2933/3200 Units NOTE 

VOHdiff(AC) AC differential output high measurement level (for output SR) +0.3 x VDDQ V 1 

VOLdiff(AC) AC differential output low measurement level (for output SR) -0.3 x VDDQ V 1 

NOTE : 

1) The swing of ± 0.3 × VDDQ is based on approximately 50% of the static differential output peak-to-peak swing with a driver impedance of RZQ/7Ω and an effective test load 

of 50Ω to VTT = VDDQ at each of the differential outputs. 
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11.4 Single-ended Output Slew Rate 
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between VOL(AC) and VOH(AC) for 

single ended signals as shown in Table 29 and Figure 17. 

 
[Table 29] Single-ended Output Slew Rate Definition 

 

Description 
Measured 

Defined by 
From To 

Single ended output slew rate for rising edge VOL(AC) VOH(AC) [VOH(AC)-VOL(AC)] / Delta TRse 

Single ended output slew rate for falling edge VOH(AC) VOL(AC) [VOH(AC)-VOL(AC)] / Delta TFse 

NOTE : 
1) Output slew rate is verified by design and characterization, and may not be subject to production test. 

 

 
Figure 17. Single-ended Output Slew Rate Definition 

 
 
 

[Table 30] Single-ended Output Slew Rate 
 

 
Parameter 

 
Symbol 

DDR4- 

1600 

DDR4- 

1866 

DDR4- 

2133 

DDR4- 

2400 

DDR4- 

2666 

DDR4- 

2933 

DDR4- 

3200 
 

Units 

Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

Single ended output slew rate SRQse 4 9 4 9 4 9 4 9 4 9 4 9 4 9 V/ns 

Description: SR: Slew Rate 

Q: Query Output (like in DQ, which stands for Data-in, Query-Output) 

se: Single-ended Signals 

For Ron = RZQ/7 setting 

 
NOTE : 
1) In two cases, a maximum slew rate of 12 V/ns applies for a single DQ signal within a byte lane. 
-Case 1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high to low or low to high) while all remaining DQ signals in the 

same byte lane are static (i.e. they stay at either high or low). 
-Case 2 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high to low or low to high) while all remaining DQ signals in the 

same byte lane are switching into the opposite direction (i.e. from low to high or high to low respectively). For the remaining DQ signal switching into the opposite direction, the 
regular maximum limit of 9 V/ns applies 
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11.5 Differential Output Slew Rate 
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between VOLdiff(AC) and 

VOHdiff(AC) for differential signals as shown in Table 31 and Figure 18. 

 

[Table 31] Differential Output Slew Rate Definition 
 

Description 
Measured 

Defined by 
From To 

Differential output slew rate for rising edge VOLdiff(AC) VOHdiff(AC) [VOHdiff(AC)-VOLdiff(AC)] / Delta TRdiff 

Differential output slew rate for falling edge VOHdiff(AC) VOLdiff(AC) [VOHdiff(AC)-VOLdiff(AC)] / Delta TFdiff 

NOTE: 

1) Output slew rate is verified by design and characterization, and may not be subject to production test. 

 

Figure 18. Differential Output Slew Rate Definition 

 
 

 
[Table 32] Differential Output Slew Rate 

 

Parameter Symbol 
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 

Units 
Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

Differential output slew rate SRQdiff 8 18 8 18 8 18 8 18 8 18 8 18 8 18 V/ns 

Description: 
SR: Slew Rate 
Q: Query Output (like in DQ, which stands for Data-in, Query-Output) 
diff: Differential Signals 

For Ron = RZQ/7 setting 
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11.6 Single-ended AC & DC Output Levels of Connectivity Test Mode 
Following output parameters will be applied for DDR4 SDRAM Output Signal during Connectivity Test Mode. 

 

[Table 33] Single-ended AC & DC Output Levels of Connectivity Test Mode 
 

Symbol Parameter 
DDR4-1600/1866/2133/2400/2666/2933/ 

3200 
Unit Notes 

VOH(DC) DC output high measurement level (for IV curve linearity) 1.1 x VDDQ V  

VOM(DC) DC output mid measurement level (for IV curve linearity) 0.8 x VDDQ V  

VOL(DC) DC output low measurement level (for IV curve linearity) 0.5 x VDDQ V  

VOB(DC) DC output below measurement level (for IV curve linearity) 0.2 x VDDQ V  

VOH(AC) AC output high measurement level (for output SR) VTT + (0.1 x VDDQ) V 1 

VOL(AC) AC output below measurement level (for output SR) VTT - (0.1 x VDDQ) V 1 

NOTE : 

1) The effective test load is 50Ω terminated by VTT = 0.5 * VDDQ. 

 
 

Figure 19. Output Slew Rate Definition of Connectivity Test Mode 

 

 
[Table 34] Single-ended Output Slew Rate of Connectivity Test Mode 

 

Parameter Symbol 
DDR4-1600/1866/2133/2400/2666/2933/3200 

Unit Notes 
Min Max 

Output signal Falling time TF_output_CT - 10 ns/V  
Output signal Rising time TR_output_CT - 10 ns/V  
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11.7 Test Load for Connectivity Test Mode Timing 
The reference load for ODT timings is defined in Figure 20. 

 

 

Figure 20. Connectivity Test Mode Timing Reference Load 



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 36 
 

12. SPEED BIN 
 
[Table 35] DDR4-1600 Speed Bins and Operations 

 

Speed Bin DDR4-1600  
Unit 

 
NOTE CL-nRCD-nRP 11-11-11 

Parameter Symbol min max 

Internal read command to first data tAA 
13.75 14)

 

(13.50)5),12)
 

18.00 ns 12 

Internal read command to first data with read DBI enabled tAA_DBI tAA(min) + 2nCK tAA(max) +2nCK ns 12 

ACT to internal read or write delay time tRCD 
13.75 14)

 

(13.50)5),12)
 

- ns 12 

PRE command period tRP 
13.75 14)

 

(13.50)5),12)
 

- ns 12 

ACT to PRE command period tRAS 35 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 
48.75 14)

 

(48.50)5),12)
 

- ns 12 

 Normal Read DBI  
 

CWL = 9 

 

CL = 9 
CL = 11 

(Optional) 5),12)
 

 

tCK(AVG) 
1.5  

1.6 
 

ns 
 

1,2,3,4,11,17 
(Optional)5),12),14) 

CL = 10 CL = 12 tCK(AVG) Reserved ns 1,2,3,4,17 

 
CWL = 9,11 

CL = 10 CL = 12 tCK(AVG) Reserved ns 1,2,3,4 

CL = 11 CL = 13 tCK(AVG) 1.25 <1.5 ns 1,2,3,4 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3 

Supported CL Settings (9),11,12 nCK 13,14 

Supported CL Settings with read DBI (11),13,14 nCK 13 

Supported CWL Settings 9,11 nCK  
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[Table 36] DDR4-1866 Speed Bins and Operations 
 

Speed Bin DDR4-1866  
Unit 

 
NOTE CL-nRCD-nRP 13-13-13 

Parameter Symbol min max 

Internal read command to first data tAA 
13.9214)

 

(13.50)5),12)
 

18.00 ns 12 

Internal read command to first data with read DBI enabled tAA_DBI tAA(min) + 2nCK tAA(max) +2nCK ns 12 

ACT to internal read or write delay time tRCD 
13.9214)

 

(13.50)5),12)
 

- ns 12 

PRE command period tRP 
13.9214)

 

(13.50)5),12)
 

- ns 12 

ACT to PRE command period tRAS 34 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 
47.9214)

 

(47.50)5),12)
 

- ns 12 

 Normal Read DBI  
 

CWL = 9 

 

CL = 9 
CL = 11 

(Optional) 5),12)
 

 

tCK(AVG) 
1.5  

1.6 
 

ns 
 

1,2,3,4,6,11 
(Optional)5),12),14) 

CL = 10 CL = 12 tCK(AVG) Reserved ns 1,2,3,4,6,11 

 

 
CWL = 9,11 

CL = 10 CL = 12 tCK(AVG) Reserved ns 4 

 

CL = 11 
 

CL = 13 
 

tCK(AVG) 
1.25 <1.5  

ns 
 

1,2,3,4,6 
(Optional)5),12)

 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3,6 

 
CWL = 10,12 

CL = 12 CL = 14 tCK(AVG) Reserved ns 1,2,3,4 

CL = 13 CL = 15 tCK(AVG) 1.071 <1.25 ns 1,2,3,4 

CL = 14 CL = 16 tCK(AVG) 1.071 <1.25 ns 1,2,3 

Supported CL Settings (9),(11),12,13,14 nCK 13,14 

Supported CL Settings with read DBI (11),(13),14,15,16 nCK 13 

Supported CWL Settings 9,10,11,12 nCK  
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[Table 37] DDR4-2133 Speed Bins and Operations 
 

Speed Bin DDR4-2133  
Unit 

 
NOTE CL-nRCD-nRP 15-15-15 

Parameter Symbol min max 

Internal read command to first data tAA 
14.0614)

 

(13.50)5),12)
 

18.00 ns 12 

Internal read command to first data with read DBI 

enabled 
tAA_DBI tAA(min) + 3nCK tAA(max) + 3nCK ns 12 

ACT to internal read or write delay time tRCD 
14.0614)

 

(13.50)5),12)
 

- ns 12 

PRE command period tRP 
14.0614)

 

(13.50)5),12)
 

- ns 12 

ACT to PRE command period tRAS 33 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 
47.0614)

 

(46.50)5),12)
 

- ns 12 

 Normal Read DBI  
 

CWL = 9 

 

CL = 9 
CL = 11 

(Optional) 5),12)
 

 

tCK(AVG) 
1.5  

1.6 
 

ns 
 

1,2,3,4,7,11 
(Optional)5),12),14) 

CL = 10 CL = 12 tCK(AVG) Reserved ns 1,2,3,11 

 

CWL = 9,11 

 

CL = 11 
 

CL = 13 
 

tCK(AVG) 
1.25 <1.5  

ns 
 

1,2,3,4,7 
(Optional)5),12)

 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3,7 

 

CWL = 10,12 

 

CL = 13 
 

CL = 15 
 

tCK(AVG) 
1.071 <1.25  

ns 
 

1,2,3,4,7 
(Optional)5),12)

 

CL = 14 CL = 16 tCK(AVG) 1.071 <1.25 ns 1,2,3,7 

 
CWL = 11,14 

CL = 14 CL = 17 tCK(AVG) Reserved ns 1,2,3,4 

CL = 15 CL = 18 tCK(AVG) 0.937 <1.071 ns 1,2,3,4 

CL = 16 CL = 19 tCK(AVG) 0.937 <1.071 ns 1,2,3 

Supported CL Settings (9),(11), 12,(13),14,15,16 nCK 13,14 

Supported CL Settings with read DBI (11),(13),14,(15),16,18,19 nCK 13 

Supported CWL Settings 9,10,11,12,14 nCK  
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[Table 38] DDR4-2400 Speed Bins and Operations 
 

Speed Bin DDR4-2400  
Unit 

 
NOTE CL-nRCD-nRP 17-17-17 

Parameter Symbol min max 

Internal read command to first data tAA 
14.16 

(13.75)5),12)
 

18.00 ns 12 

Internal read command to first data with read DBI 

enabled 
tAA_DBI tAA(min) + 3nCK tAA(max) + 3nCK ns 12 

ACT to internal read or write delay time tRCD 
14.16 

(13.75)5),12)
 

- ns 12 

PRE command period tRP 
14.16 

(13.75)5),12)
 

- ns 12 

ACT to PRE command period tRAS 32 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 
46.16 

(45.75)5),12)
 

- ns 12 

 Normal Read DBI  

 
CWL = 9 

CL = 9 
CL = 11 

(Optional) 5),12)
 

tCK(AVG) Reserved ns 1,2,3,4,11 

CL = 10 CL = 12 tCK(AVG) 1.5 1.6 ns 1,2,3,4,11 

 

 
CWL = 9,11 

CL = 10 CL = 12 tCK(AVG) Reserved ns 4 

 

CL = 11 
 

CL = 13 
 

tCK(AVG) 
1.25 <1.5  

ns 
 

1,2,3,4,8 
(Optional)5),12)

 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3,8 

 

 
CWL = 10,12 

CL = 12 CL = 14 tCK(AVG) Reserved ns 4 

 

CL = 13 
 

CL = 15 
 

tCK(AVG) 
1.071 <1.25  

ns 
 

1,2,3,4,8 
(Optional)5),12)

 

CL = 14 CL = 16 tCK(AVG) 1.071 <1.25 ns 1,2,3,8 

 

 
CWL = 11,14 

CL = 14 CL = 17 tCK(AVG) Reserved ns 4 

 

CL = 15 
 

CL = 18 
 

tCK(AVG) 
0.937 <1.071  

ns 
 

1,2,3,4,8 
(Optional)5),12)

 

CL = 16 CL = 19 tCK(AVG) 0.937 <1.071 ns 1,2,3,8 

 

 
CWL = 12,16 

CL = 15 CL = 18 tCK(AVG) Reserved ns 1,2,3,4 

CL = 16 CL = 19 tCK(AVG) Reserved ns 1,2,3,4 

CL = 17 CL = 20 tCK(AVG) 0.833 <0.937 ns 1,2,3,4 

CL = 18 CL = 21 tCK(AVG) 0.833 <0.937 ns 1,2,3 

Supported CL Settings 10,(11),12,(13),14,(15),16,17,18 nCK 13 

Supported CL Settings with read DBI 12,(13),14,(15),16,(18),19,20,21 nCK 13 

Supported CWL Settings 9,10,11,12,14,16 nCK  
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[Table 39] DDR4-2666 Speed Bins and Operations 
 

Speed Bin DDR4-2666  
Unit 

 
NOTE CL-nRCD-nRP 19-19-19 

Parameter Symbol min max 

Internal read command to first data tAA 
14.25 

(13.75)5),12)
 

18.00 ns 12 

Internal read command to first data with read DBI 

enabled 
tAA_DBI tAA(min) + 3nCK tAA(max) + 3nCK ns 12 

ACT to internal read or write delay time tRCD 
14.25 

(13.75)5),12)
 

- ns 12 

PRE command period tRP 
14.25 

(13.75)5),12)
 

- ns 12 

ACT to PRE command period tRAS 32 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 
46.25 

(45.75)5),12)
 

- ns 12 

 Normal Read DBI  

 
CWL = 9 

CL = 9 CL = 11 tCK(AVG) Reserved ns 
1,2,3,4,9,1 

1 

CL = 10 CL = 12 tCK(AVG) 1.5 1.6 ns 1,2,3,9,11 

 

 
CWL = 9,11 

CL = 10 CL = 12 tCK(AVG) Reserved ns 4 

 

CL = 11 
 

CL = 13 
 

tCK(AVG) 
1.25 <1.5  

ns 
 

1,2,3,4,9 
(Optional)5),12)

 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3,9 

 

 
CWL = 10,12 

CL = 12 CL = 14 tCK(AVG) Reserved ns 4 

 

CL = 13 
 

CL = 15 
 

tCK(AVG) 
1.071 <1.25  

ns 
 

1,2,3,4,9 
(Optional)5),12)

 

CL = 14 CL = 16 tCK(AVG) 1.071 <1.25 ns 1,2,3,9 

 

 
CWL = 11,14 

CL = 14 CL = 17 tCK(AVG) Reserved ns 4 

 

CL = 15 
 

CL = 18 
 

tCK(AVG) 
0.937 <1.071  

ns 
 

1,2,3,4,9 
(Optional)5),12)

 

CL = 16 CL = 19 tCK(AVG) 0.937 <1.071 ns 1,2,3,9 

 
 
 

CWL = 12,16 

CL = 15 CL = 18 tCK(AVG) Reserved ns 4 

CL = 16 CL = 19 tCK(AVG) Reserved ns 1,2,3,4,9 

 

CL = 17 
 

CL = 20 
 

tCK(AVG) 
0.833 <0.937  

ns 
1,2,3,4,9 

(Optional)5),12)
 1,2,3,4,9 

CL = 18 CL = 21 tCK(AVG) 0.833 <0.937 ns 1,2,3,9 

 

 
CWL = 14,18 

CL = 17 CL = 20 tCK(AVG) Reserved ns 1,2,3,4 

CL = 18 CL = 21 tCK(AVG) Reserved ns 1,2,3,4 

CL = 19 CL = 22 tCK(AVG) 0.75 <0.833 ns 1,2,3,4 

CL = 20 CL = 23 tCK(AVG) 0.75 <0.833 ns 1,2,3 

Supported CL Settings 10,(11),12,(13),14,(15),16,(17),18,19,20 nCK 13 

Supported CL Settings with read DBI 12,(13),14,(15),17,(18),19,(20),21,22,23 nCK 13 

Supported CWL Settings 9,10,11,12,14,16,18 nCK  
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[Table 40] DDR4-2933 Speed Bins and Operations 
 

Speed Bin DDR4-2933  
Unit 

 
NOTE CL-nRCD-nRP 21-21-21 

Parameter Symbol min max 

Internal read command to first data tAA 
14.32 

(13.75)5),12)
 

18.00 ns 12 

Internal read command to first data with read DBI 

enabled 
tAA_DBI tAA(min) + 4nCK tAA(max) + 4nCK ns 12 

ACT to internal read or write delay time tRCD 
14.32 

(13.75)5),12)
 

- ns 12 

PRE command period tRP 
14.32 

(13.75)5),12)
 

- ns 12 

ACT to PRE command period tRAS 32 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 
46.32 

(45.75)5),12)
 

- ns 12 

 Normal Read DBI  

 
CWL = 9 

CL = 9 CL = 11 tCK(AVG) Reserved ns 
1,2,3,4,11, 

15 

CL = 10 CL = 12 tCK(AVG) 1.5 1.6 ns 1,2,3,11,15 

 

 
CWL = 9,11 

CL = 10 CL = 12 tCK(AVG) Reserved ns 4 

 

CL = 11 
 

CL = 13 
 

tCK(AVG) 
1.25 <1.5  

ns 
 

15 
(Optional)5),12)

 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3,15 

 

 
CWL = 10,12 

CL = 12 CL = 14 tCK(AVG) Reserved ns 4 

 

CL = 13 
 

CL = 15 
 

tCK(AVG) 
1.071 <1.25  

ns 
 

1,2,3,4,15 
(Optional)5),12)

 

CL = 14 CL = 16 tCK(AVG) 1.071 <1.25 ns 1,2,3,15 

 

 
CWL = 11,14 

CL = 14 CL = 17 tCK(AVG) Reserved ns 4 

 

CL = 15 
 

CL = 18 
 

tCK(AVG) 
0.937 <1.071  

ns 
 

1,2,3,4,15 
(Optional)5),12)

 

CL = 16 CL = 19 tCK(AVG) 0.937 <1.071 ns 1,2,3,15 

 
 
 

CWL = 12,16 

CL = 15 CL = 18 tCK(AVG) Reserved ns 4 

CL = 16 CL = 19 tCK(AVG) Reserved ns 1,2,3,4,15 

 

CL = 17 
 

CL = 20 
 

tCK(AVG) 
0.833 <0.937  

ns 
1,2,3,4,15 

(Optional) 5),12)
 1,2,3,4,15 

CL = 18 CL = 21 tCK(AVG) 0.833 <0.937 ns 1,2,3,15 

 
 
 

CWL = 14.,18 

CL = 17 CL = 20 tCK(AVG) Reserved ns 4 

CL = 18 CL = 21 tCK(AVG) Reserved ns 1,2,3,4,15 

 

CL = 19 
 

CL = 22 
 

tCK(AVG) 
0.75 <0.833 ns  

1,2,3,4,15 
(Optional)5),12)

 ns 

CL = 20 CL = 23 tCK(AVG) 0.75 <0.833 ns 1,2,3,15 

 

 
CWL = 16, 20 

CL = 19 CL = 23 tCK(AVG) Reserved ns 1,2,3,4 

CL = 20 CL = 24 tCK(AVG) Reserved ns 1,2,3,4 

CL = 21 CL = 25 tCK(AVG) 0.682 <0.75 ns 1,2,3,4 

CL = 22 CL = 26 tCK(AVG) 0.682 <0.75 ns 1,2,3 

Supported CL Settings 10,(11),12,(13),14,(15),16,(17),18,(19),20,21,22 nCK 13 

Supported CL Settings with read DBI 12,(13),14,(15),16,(18),19,(20),21,(22),23,25,26 nCK 13 

Supported CWL Settings 9,10,11,12,14,16,18,20 nCK  



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 42 
 

[Table 41] DDR4-3200 Speed Bins and Operations 
 

Speed Bin DDR4-3200  
Unit 

 
NOTE CL-nRCD-nRP 22-22-22 

Parameter Symbol Min. Max. 

Internal read command to first data tAA 13.75 18.00 ns 12 

Internal read command to first data with read DBI enabled tAA_DBI tAA(min) + 4nCK tAA(max) + 4nCK ns 12 

ACT to internal read or write delay time tRCD 13.75 - ns 12 

PRE command period tRP 13.75 - ns 12 

ACT to PRE command period tRAS 32 9 x tREFI ns 12 

ACT to ACT or REF command period tRC 45.75 - ns 12 

 Normal Read DBI  

 
CWL = 9 

CL = 9 CL = 11 tCK(AVG) Reserved ns 
1,2,3,4,10, 

11 

CL = 10 CL = 12 tCK(AVG) 1.5 1.6 ns 1,2,3,10,11 

 
CWL = 9,11 

CL = 10 CL = 12 tCK(AVG) Reserved ns 4 

CL = 11 CL = 13 tCK(AVG) 1.25 <1.5 ns 1,2,3,4,10 

CL = 12 CL = 14 tCK(AVG) 1.25 <1.5 ns 1,2,3,10 

 
CWL = 10,12 

CL = 12 CL = 14 tCK(AVG) Reserved ns 1,2,3,4 

CL = 13 CL = 15 tCK(AVG) 1.071 <1.25 ns 1,2,3,4,10 

CL = 14 CL = 16 tCK(AVG) 1.071 <1.25 ns 1,2,3,10 

 
CWL = 11,14 

CL = 14 CL = 17 tCK(AVG) Reserved ns 4 

CL = 15 CL = 18 tCK(AVG) 0.937 <1.071 ns 1,2,3,4,10 

CL = 16 CL = 19 tCK(AVG) 0.937 <1.071 ns 1,2,3,10 

 

 
CWL = 12,16 

CL = 15 CL = 18 tCK(AVG) Reserved ns 4 

CL = 16 CL = 19 tCK(AVG) Reserved ns 1,2,3,4,10 

CL = 17 CL = 20 tCK(AVG) 0.833 <0.937 ns 1,2,3,4,10 

CL = 18 CL = 21 tCK(AVG) 0.833 <0.937 ns 1,2,3,10 

 

 
CWL = 14,18 

CL = 17 CL = 20 tCK(AVG) Reserved ns 4 

CL = 18 CL = 21 tCK(AVG) Reserved ns 1,2,3,4,10 

CL = 19 CL = 22 tCK(AVG) 0.75 <0.833 ns 1,2,3,4,10 

CL = 20 CL = 23 tCK(AVG) 0.75 <0.833 ns 1,2,3,10 

 

 
CWL = 16, 20 

CL = 20 CL = 24 tCK(AVG) Reserved ns 1,2,3,4,10 

CL = 21 CL = 25 tCK(AVG) 0.682 <0.75 ns 1,2,3,4,10 

CL = 22 CL = 26 tCK(AVG) 0.682 <0.75 ns 1,2,3,10 

CL = 24 CL = 28 tCK(AVG) 0.682 <0.75 ns 1,2,3,10 

 
CWL = 16,20 

CL = 20 CL = 24 tCK(AVG) Reserved ns 1,2,3,4 

CL = 22 CL = 26 tCK(AVG) 0.625 <0.682 ns 1,2,3,4 

CL = 24 CL = 28 tCK(AVG) 0.625 <0.682 ns 1,2,3 

Supported CL Settings 10,11,12,13,14,15,16,17,18,19,20,21,22,24 nCK  
Supported CL Settings with read DBI 12,13,14,15,16,18,19,20,21,22,23,25,26,28 nCK  
Supported CWL Settings 9,10,11,12,14,16,18,20 nCK  
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12.1 Speed Bin Table Note 
Absolute Specification 

- VDDQ = VDD = 1.20V +/- 0.06 V 

- VPP = 2.5V +0.25/-0.125 V 

- The values defined with above-mentioned table are DLL ON case. 

- DDR4-1600, 1866, 2133 and 2400 Speed Bin Tables are valid only when Geardown Mode is disabled. 

 
 

1) The CL setting and CWL setting result in tCK(avg).MIN and tCK(avg).MAX requirements. When making a selection of tCK(avg), both need to be fulfilled: Requirements from 
CL setting as well as requirements from CWL setting. 

2) tCK(avg).MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL - all possible intermediate frequencies may not be guar- 
anteed. CL in clock cycle is calculated from tAA following rounding algorithm defined in Section 13.5. 

3) tCK(avg).MAX limits: Calculate tCK(avg) = tAA.MAX / CL SELECTED and round the resulting tCK(avg) down to the next valid speed bin (i.e. 1.5ns or 1.25ns or 1.071ns or 
0.937ns or 0.833ns). This result is tCK(avg).MAX corresponding to CL SELECTED. 

4) ‘Reserved’ settings are not allowed. User must program a different value. 
5) 'Optional' settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature. Any combination of the ‘optional’ CL’s is supported. The 

associated ‘optional’ tAA, tRCD, tRP, and tRC values must be adjusted based upon the CL combination supported. Refer to supplier's data sheet and/or the DIMM SPD 
information if and how this setting is supported. 

6) Any DDR4-1866 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 
Characterization. 

7) Any DDR4-2133 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 
Characterization. 

8) Any DDR4-2400 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 
Characterization. 

9) Any DDR4-2666 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 
Characterization. 

10) Any DDR4-3200 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 
Characterization. 

11) DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate. 
12) Parameters apply from tCK(avg) min to tCK(avg) max at all standard JEDEC clock period values as stated in the Speed Bin Tables. 
13) CL number in parentheses, it means that these numbers are optional. 
14) DDR4 SDRAM supports CL=9 as long as a system meets tAA(min), tRCD(min), tRP(min), and tRC(min). 
15) Any DDR4-2933 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 

Characterization. 
16) Each speed bin lists the timing requirements that need to be supported in order for a given DRAM to be JEDEC compliant. JEDEC compliance does not require support for 

all speed bins within a given speed. JEDEC compliance requires meeting the parameters for a least one of the listed speed bins. 
17) Any DDR4-1600 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/ 

Characterization. 
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13. IDD AND IDDQ SPECIFICATION PARAMETERS AND TEST 
CONDITIONS 

13.1 IDD, IPP and IDDQ Measurement Conditions 
In this chapter, IDD, IPP and IDDQ measurement conditions such as test load and patterns are defined. Figure 21 shows the setup and test load for IDD, 

IPP and IDDQ measurements. 

 
• IDD currents (such as IDD0, IDD0A, IDD1, IDD1A, IDD2N, IDD2NA, IDD2NL, IDD2NT, IDD2P, IDD2Q, IDD3N, IDD3NA, IDD3P, IDD4R, IDD4RA, 

IDD4W, IDD4WA, IDD5B, IDD5F2, IDD5F4, IDD6N, IDD6E, IDD6R, IDD6A, IDD7 and IDD8) are measured as time-averaged currents with all VDD 

balls of the DDR4 SDRAM under test tied together. Any IPP or IDDQ current is not included in IDD currents. 

• IPP currents have the same definition as IDD except that the current on the VPP supply is measured. 

• IDDQ currents (such as IDDQ2NT and IDDQ4R) are measured as time-averaged currents with all VDDQ balls of the DDR4 SDRAM under test tied 

together. Any IDD current is not included in IDDQ currents. 

Attention: IDDQ values cannot be directly used to calculate IO power of the DDR4 SDRAM. They can be used to support correlation of simulated IO 

power to actual IO power as outlined in Figure 22. In DRAM module application, IDDQ cannot be measured separately since VDD and VDDQ are 

using one merged-power layer in Module PCB. 

 
For IDD, IPP and IDDQ measurements, the following definitions apply: 

• “0” and “LOW” is defined as VIN <= VILAC(max). 

• “1” and “HIGH” is defined as VIN >= VIHAC(min). 

• “MID-LEVEL” is defined as inputs are VREF = VDD / 2. 

• Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns are provided in Table 42. 

• Basic IDD, IPP and IDDQ Measurement Conditions are described in Table 44. 

• Detailed IDD, IPP and IDDQ Measurement-Loop Patterns are described in Table 45 through Table 52. 

• IDD Measurements are done after properly initializing the DDR4 SDRAM. This includes but is not limited to setting 

RON = RZQ/7 (34 Ohm in MR1); 

RTT_NOM = RZQ/6 (40 Ohm in MR1); 

RTT_WR = RZQ/2 (120 Ohm in MR2); 

RTT_PARK = Disable; 

Qoff = 0B (Output Buffer enabled) in MR1; 

TDQS_t disabled in MR1; 

CRC disabled in MR2; 

CA parity feature disabled in MR5; 

Gear down mode disabled in MR3 

Read/Write DBI disabled in MR5; 

DM disabled in MR5 

• Attention: The IDD, IPP and IDDQ Measurement-Loop Patterns need to be executed at least one time before actual IDD or IDDQ measurement is 

started. 

• Define D  = {CS_n, ACT_n, RAS_n, CAS_n, WE_n} := {HIGH, LOW, LOW, LOW, LOW} ; apply BG/BA changes when directed. 

• Define D# = {CS_n, ACT_n, RAS_n, CAS_n, WE_n} := {HIGH, HIGH, HIGH, HIGH, HIGH} ;apply invert of BG/BA changes when directed above. 
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Figure 21. Measurement Setup and Test Load for IDD, IPP and IDDQ Measurements 
 

NOTE : 
1) DIMM level Output test load condition may be different from above. 
 

 
 

Figure 22. Correlation from simulated Channel IO Power to actual Channel IO Power supported by IDDQ Measurement. 



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 46 
 

[Table 42] Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns 
 

Symbol 
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 

Unit 
11-11-11 13-13-13 15-15-15 17-17-17 19-19-19 21-21-21 22-22-22 

tCK 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns 

CL 11 13 15 17 19 21 22 nCK 

CWL 11 12 14 16 18 20 20 nCK 

nRCD 11 13 15 17 19 21 22 nCK 

nRC 39 45 51 56 62 68 74 nCK 

nRAS 28 32 36 39 43 47 52 nCK 

nRP 11 13 15 17 19 21 22 nCK 

nFAW 
x4 16 16 16 16 16 16 16 nCK 

x8 20 22 23 26 28 31 34 nCK 

nRRDS 
x4 4 4 4 4 4 4 4 nCK 

x8 4 4 4 4 4 4 4 nCK 

nRRDL 
x4 5 5 6 6 7 8 8 nCK 

x8 5 5 6 6 7 8 8 nCK 

tCCD_S 4 4 4 4 4 4 4 nCK 

tCCD_L 5 5 6 6 7 8 8 nCK 

tWTR_S 2 3 3 3 4 4 4 nCK 

tWTR_L 6 7 8 9 10 11 12 nCK 

nRFC 16Gb 440 514 587 661 734 807 880 nCK 
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[Table 43] Basic IDD, IPP and IDDQ Measurement Conditions 
 

Symbol Description 

 

 
IDD0 

Operating One Bank Active-Precharge Current (AL=0) 

CKE: High; External clock: On; tCK, nRC, nRAS, CL: see Table 42; BL: 81); AL: 0; CS_n: High between ACT and PRE; Command, 

Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 44; Data IO: VDDQ; DM_n: stable at 1; 

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see Table 44); Output Buffer and RTT: Enabled in Mode Regis- 

ters2); ODT Signal: stable at 0; Pattern Details: see Table 44 

IDD0A 
Operating One Bank Active-Precharge Current (AL=CL-1) 

AL = CL-1, Other conditions: see IDD0 

IPP0 
Operating One Bank Active-Precharge IPP Current 

Same condition with IDD0 

 

 
IDD1 

Operating One Bank Active-Read-Precharge Current (AL=0) 

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: see Table 42; BL: 81); AL: 0; CS_n: High between ACT, RD and PRE; 

Command, Address, Bank Group Address, Bank Address Inputs, Data IO: partially toggling according to Table 45; DM_n: stable at 1; 

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see Table 45); Output Buffer and RTT: Enabled in Mode Regis- 

ters2); ODT Signal: stable at 0; Pattern Details: see Table 45 

IDD1A 
Operating One Bank Active-Read-Precharge Current (AL=CL-1) 

AL = CL-1, Other conditions: see IDD1 

IPP1 
Operating One Bank Active-Read-Precharge IPP Current 

Same condition with IDD1 

 

IDD2N 

Precharge Standby Current (AL=0) 

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address, 

Bank Address Inputs: partially toggling according to Table 46; Data IO: VDDQ; DM_n: stable at 1; Bank Activity: all banks closed; Out- 

put Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at 0; Pattern Details: see Table 46 

IDD2NA 
Precharge Standby Current (AL=CL-1) 

AL = CL-1, Other conditions: see IDD2N 

IPP2N 
Precharge Standby IPP Current 

Same condition with IDD2N 

 

IDD2NT 

Precharge Standby ODT Current 

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address, 

Bank Address Inputs: partially toggling according to Table 47; Data IO: VSSQ; DM_n: stable at 1; Bank Activity: all banks closed; Out- 

put Buffer and RTT: Enabled in Mode Registers2); ODT Signal: toggling according to Table 47; Pattern Details: see Table 47 

IDDQ2NT 

(Optional) 

Precharge Standby ODT IDDQ Current 

Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current 

IDD2NL 
Precharge Standby Current with CAL enabled 

Same definition like for IDD2N, CAL enabled3)
 

IDD2NG 
Precharge Standby Current with Gear Down mode enabled 

Same definition like for IDD2N, Gear Down mode enabled3),5)
 

IDD2ND 
Precharge Standby Current with DLL disabled 

Same definition like for IDD2N, DLL disabled3)
 

IDD2N_par 
Precharge Standby Current with CA parity enabled 

Same definition like for IDD2N, CA parity enabled3)
 

 
IDD2P 

Precharge Power-Down Current CKE: Low; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: stable at 1; Command, 

Address, Bank Group Address, Bank Address Inputs: stable at 0; Data IO: VDDQ; DM_n: stable at 1; Bank Activity: all banks closed; 

Output Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at 0 

IPP2P 
Precharge Power-Down IPP Current 

Same condition with IDD2P 

 

IDD2Q 

Precharge Quiet Standby Current 

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address, 

Bank Address Inputs: stable at 0; Data IO: VDDQ; DM_n: stable at 1;Bank Activity: all banks closed; Output Buffer and RTT: Enabled 

in Mode Registers2); ODT Signal: stable at 0 

 

IDD3N 

Active Standby Current 

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address, 
Bank Address Inputs: partially toggling according to Table 46; Data IO: VDDQ; DM_n: stable at 1;Bank Activity: all banks open; Output 

Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at 0; Pattern Details: see Table 46 
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Symbol Description 

IDD3NA 
Active Standby Current (AL=CL-1) 

AL = CL-1, Other conditions: see IDD3N 

IPP3N 
Active Standby IPP Current 

Same condition with IDD3N 

 

IDD3P 

Active Power-Down Current 

CKE: Low; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address, 
Bank Address Inputs: stable at 0; Data IO: VDDQ; DM_n: stable at 1; Bank Activity: all banks open; Output Buffer and RTT: Enabled 

in Mode Registers2); ODT Signal: stable at 0 

IPP3P 
Active Power-Down IPP Current 

Same condition with IDD3P 

 

 

IDD4R 

Operating Burst Read Current 

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 82); AL: 0; CS_n: High between RD; Command, Address, Bank Group 

Address, Bank Address Inputs: partially toggling according to Table 48; Data IO: seamless read data burst with different data between 

one burst and the next one according to Table 48; DM_n: stable at 1; Bank Activity: all banks open, RD commands cycling through banks: 

0,0,1,1,2,2,... (see Table 48); Output Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at 0; Pattern Details: see 

Table 48 

IDD4RA 
Operating Burst Read Current (AL=CL-1) 

AL = CL-1, Other conditions: see IDD4R 

IDD4RB 
Operating Burst Read Current with Read DBI 

Read DBI enabled3), Other conditions: see IDD4R 

IPP4R 
Operating Burst Read IPP Current 

Same condition with IDD4R 

IDDQ4R 

(Optional) 

Operating Burst Read IDDQ Current 

Same definition like for IDD4R, however measuring IDDQ current instead of IDD current 

IDDQ4RB 

(Optional) 

Operating Burst Read IDDQ Current with Read DBI 

Same definition like for IDD4RB, however measuring IDDQ current instead of IDD current 

 

 

IDD4W 

Operating Burst Write Current 

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 81); AL: 0; CS_n: High between WR; Command, Address, Bank Group 

Address, Bank Address Inputs: partially toggling according to Table 49; Data IO: seamless write data burst with different data between 

one burst and the next one according to Table 49; DM_n: stable at 1; Bank Activity: all banks open, WR commands cycling through banks: 

0,0,1,1,2,2,... (see Table 49); Output Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at HIGH; Pattern Details: see 

Table 49 

IDD4WA 
Operating Burst Write Current (AL=CL-1) 

AL = CL-1, Other conditions: see IDD4W 

IDD4WB 
Operating Burst Write Current with Write DBI 

Write DBI enabled3), Other conditions: see IDD4W 

IDD4WC 
Operating Burst Write Current with Write CRC 

Write CRC enabled3), Other conditions: see IDD4W 

IDD4W_par 
Operating Burst Write Current with CA Parity 

CA Parity enabled3), Other conditions: see IDD4W 

IPP4W 
Operating Burst Write IPP Current 

Same condition with IDD4W 

 

 

IDD5B 

Burst Refresh Current (1X REF) 

CKE: High; External clock: On; tCK, CL, nRFC: see Table 30; BL: 81); AL: 0; CS_n: High between REF; Command, Address, Bank 

Group Address, Bank Address Inputs: partially toggling according to Table 51; Data IO: VDDQ; DM_n: stable at 1; Bank Activity: REF 

command every nRFC (see Table 51); Output Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at 0; Pattern Details: 

see Table 51 

IPP5B 
Burst Refresh Write IPP Current (1X REF) 

Same condition with IDD5B 

IDD5F2 
Burst Refresh Current (2X REF) 

tRFC=tRFC_x2, Other conditions: see IDD5B 

IPP5F2 
Burst Refresh Write IPP Current (2X REF) 

Same condition with IDD5F2 

IDD5F4 
Burst Refresh Current (4X REF) 

tRFC=tRFC_x4, Other conditions: see IDD5B 

IPP5F4 
Burst Refresh Write IPP Current (4X REF) 

Same condition with IDD5F4 
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Symbol Description 

 

 

IDD6N 

Self Refresh Current: Normal Temperature Range 

TCASE for CT devices : 0 to 85°C, TCASE for IT devices: -40 to 85°C; Low Power Auto Self Refresh (LP ASR) : Normal4); CKE: Low; 

External clock: Off; CK_t and CK_c#: LOW; CL: see Table 42; BL: 81); AL: 0; CS_n#, Command, Address, Bank Group Address, Bank 
Address, Data IO: High; DM_n: stable at 1; Bank Activity: Self-Refresh operation; Output Buffer and RTT: Enabled in Mode Registers2); 

ODT Signal: MID-LEVEL 

IPP6N 
Self Refresh IPP Current: Normal Temperature Range 

Same condition with IDD6N 

 

 

IDD6E 

Self-Refresh Current: Extended Temperature Range)
 

TCASE for CT devices: 0 to 95°C, TCASE for IT devices: -40 to 95°C; Low Power Auto Self Refresh (LP ASR) : Extended4); CKE: Low; 

External clock: Off; CK_t and CK_c: LOW; CL: see Table 42; BL: 81); AL: 0; CS_n, Command, Address, Bank Group Address, Bank 

Address, Data IO: High; DM_n: stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT: 

Enabled in Mode Registers2); ODT Signal: MID-LEVEL 

IPP6E 
Self Refresh IPP Current: Extended Temperature Range 

Same condition with IDD6E 

 

 

IDD6R 

Self-Refresh Current: Reduced Temperature Range 

TCASE for CT devices: 0 to 45°C, TCASE for IT devices: -40 to 85°C; Low Power Auto Self Refresh (LP ASR) : Reduced4); CKE: Low; 

External clock: Off; CK_t and CK_c#: LOW; CL: see Table 42; BL: 81); AL: 0; CS_n#, Command, Address, Bank Group Address, Bank 

Address, Data IO: High; DM_n: stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT: 

Enabled in Mode Registers2); ODT Signal: MID-LEVEL 

IPP6R 
Self Refresh IPP Current: Reduced Temperature Range 

Same condition with IDD6R 

 

 

IDD6A 

Auto Self-Refresh Current 

TCASE for CT devices: 0 to 95°C, TCASE for IT devices: -40 to 95°C; Low Power Auto Self Refresh (LP ASR) : Auto4);CKE: Low; 

External clock: Off; CK_t and CK_c#: LOW; CL: see Table 42; BL: 81); AL: 0; CS_n#, Command, Address, Bank Group Address, Bank 

Address, Data IO: High; DM_n: stable at 1; Bank Activity: Auto Self-Refresh operation; Output Buffer and RTT: Enabled in Mode 

Registers2; ODT Signal: MID-LEVEL 

IPP6A 
Auto Self-Refresh IPP Current 

Same condition with IDD6A 

 

 

IDD7 

Operating Bank Interleave Read Current 

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Table 30; BL: 81); AL: CL-1; CS_n: High between ACT 

and RDA; Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 52; Data IO: read data 

bursts with different data between one burst and the next one according to Table 52; DM_n: stable at 1; Bank Activity: two times interleaved 

cycling through banks (0, 1, ...7) with different addressing, see Table 52; Output Buffer and RTT: Enabled in Mode Registers2); ODT 

Signal: stable at 0; Pattern Details: see Table 52 

IPP7 
Operating Bank Interleave Read IPP Current 

Same condition with IDD7 

IDD8 
Maximum Power Down Current 

Place DRAM in MPSM 

IPP8 
Maximum Power Down IPP Current 

Same condition with IDD8 

NOTE: 
1) Burst Length: BL8 fixed by MRS: set MR0 [A1:0=00]. 
2) Output Buffer Enable 

- set MR1 [A12 = 0]: Qoff = Output buffer enabled 
- set MR1 [A2:1 = 00]: Output Driver Impedance Control = RZQ/7 
RTT_Nom enable 
- set MR1 [A10:8 = 011]: RTT_NOM = RZQ/6 
RTT_WR enable 
- set MR2 [A10:9 = 01]: RTT_WR = RZQ/2 
RTT_PARK disable 
- set MR5 [A8:6 = 000] 

3) CAL enabled: set MR4 [A8:6 = 001]: 1600MT/s 
010]: 1866MT/s, 2133MT/s 
011]: 2400MT/s, 2666MT/s 
100]: 2933MT/s, 3200MT/s 

Gear Down mode enabled: set MR3 [A3 = 1]: 1/4 Rate 
DLL disabled: set MR1 [A0 = 0] 
CA parity enabled: set MR5 [A2:0 = 001]: 1600MT/s,1866MT/s, 2133MT/s 

010]: 2400MT/s, 2666MT/s 
011]: 2933MT/s, 3200MT/s 

Read DBI enabled: set MR5 [A12 = 1] 
Write DBI enabled: set MR5 [A11 = 1] 

4) Low Power Array Self Refresh (LP ASR): set MR2 [A7:6 = 00]: Normal 
01]: Reduced Temperature range 
10]: Extended Temperature range 
11]: Auto Self Refresh 

5) IDD2NG should be measured after sync pules (NOP) input. 
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[Table 44] IDD0, IDD0A and IPP0 Measurement-Loop Pattern 1)
 

 

C
K

_
t 

/C
K

_
c

 

C
K

E
 

S
u

b
-L

o
o

p
 

  
C

y
c

le
 

N
u

m
b

e
r 

 

C
o

m
m

a
n

d
 

C
S

_
n

 

A
C

T
_
n

 

R
A

S
_

n
/A

1
6

 

C
A

S
_

n
/ 
A

1
5

 

W
E

_
n

/ 
A

1
4

 

O
D

T
 

C
[2

:0
]3

)  

B
G

[1
:0

]2
)  

B
A

[1
:0

] 

A
1
2

/B
C

_
n

 

A
[1

7
,1

3
,1

1
] 

A
[1

0
]/

A
P

 

A
[9

:7
] 

A
[6

:3
] 

A
[2

:0
] 

 

Data4)
 

to
g

g
lin

g
 

S
ta

ti
c
 H

ig
h
 

 
 
 

0 

0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

1,2 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

3,4 D_#, D_# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 - 

... repeat pattern 1...4 until nRAS - 1, truncate if necessary 

nRAS PRE 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 - 

... repeat pattern 1...4 until nRC - 1, truncate if necessary 

1 1*nRC repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 1 instead 

2 2*nRC repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 3*nRC repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 4*nRC repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 5*nRC repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 6*nRC repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

7 7*nRC repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

8 8*nRC repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

 
For x4 and 

x8 only 

9 9*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

10 10*nRC repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

11 11*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

12 12*nRC repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

13 13*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

14 14*nRC repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

15 15*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 
1) DQS_t, DQS_c are VDDQ. 
2) BG1 is don’t care for x16 device 
3) C[2:0] are used only for 3DS device 

4) DQ signals are VDDQ. 



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 51 
 

[Table 45] IDD1, IDD1A and IPP1 Measurement-Loop Pattern1)
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0 

0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

1, 2 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

3, 4 D#, D# 1 1 1 1 1 0 0 3b) 3 0 0 0 7 F 0 - 

... repeat pattern 1...4 until nRCD - AL - 1, truncate if necessary 

 
 

 
nRCD -AL 

 
 

 
RD 
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0 

 
 

 
0 

D0=00, 

D1=FF 

D2=FF, 

D3=00 

D4=FF, 

D5=00 

D6=00, 

D7=FF 

... repeat pattern 1...4 until nRAS - 1, truncate if necessary 

nRAS PRE 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 - 

... repeat pattern 1...4 until nRC - 1, truncate if necessary 

 
 
 
 
 
 

 
1 

1*nRC + 0 ACT 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 - 

1*nRC + 1, 2 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

1*nRC + 3, 4 D#, D# 1 1 1 1 1 0 0 3b) 3 0 0 0 7 F 0 - 

... repeat pattern nRC + 1...4 until 1*nRC + nRAS - 1, truncate if necessary 

 
 
 
1*nRC + nRCD - 

AL 

 
 

 
RD 
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0 

D0=FF, 

D1=00 

D2=00, 

D3=FF 

D4=00, 

D5=FF 

D6=FF, 

D7=00 

... repeat pattern 1...4 until nRAS - 1, truncate if necessary 

1*nRC + nRAS PRE 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 - 

 ... repeat nRC + 1...4 until 2*nRC - 1, truncate if necessary 

2 2*nRC repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 3*nRC repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 4*nRC repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 5*nRC repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 6*nRC repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

8 7*nRC repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

9 9*nRC repeat Sub-Loop 1, use BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

For x4 and x8 

only 

10 10*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

11 11*nRC repeat Sub-Loop 1, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

12 12*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

13 13*nRC repeat Sub-Loop 1, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

14 14*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

15 15*nRC repeat Sub-Loop 1, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

16 16*nRC repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 

1) DQS_t, DQS_c are used according to RD Commands, otherwise VDDQ. 

2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ. 
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[Table 46] IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2,IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern1)
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0 

0 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 0 

3 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 0 

1 4-7 repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 1 instead 

2 8-11 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 12-15 repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 16-19 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 20-23 repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 24-27 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

7 28-31 repeat Sub-Loop 0, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

8 32-35 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 0 instead 

9 36-39 repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

10 40-43 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

11 44-47 repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

12 48-51 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

13 52-55 repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

14 56-59 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

15 60-63 repeat Sub-Loop 0, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 

1) DQS_t, DQS_c are VDDQ. 

2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) DQ signals are VDDQ. 



  

 

SMS4WEC8C2J2446SAG 

Jul 22, 2021 

 

©2021 SMART Modular - Confidential 53 
 

[Table 47] IDD2NT and IDDQ2NT Measurement-Loop Pattern1)
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0 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

1 D, D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

2 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 - 

3 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 - 

1 4-7 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 1, BA[1:0] = 1 instead 

2 8-11 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 12-15 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 16-19 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 20-23 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 24-27 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 0, BA[1:0] = 3 instead 

7 28-31 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 1, BA[1:0] = 0 instead 

8 32-35 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

 
For x4 and x8 

only 

9 36-39 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 3, BA[1:0] = 1 instead 

10 40-43 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 2, BA[1:0] = 2 instead 

11 44-47 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 3, BA[1:0] = 3 instead 

12 48-51 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 2, BA[1:0] = 1 instead 

13 52-55 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 3, BA[1:0] = 2 instead 

14 56-59 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2) = 2, BA[1:0] = 3 instead 

15 60-63 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 
1) DQS_t, DQS_c are VDDQ. 
2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) DQ signals are VDDQ. 
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[Table 48] IDD4R, IDDR4RA, IDD4RB and IDDQ4R Measurement-Loop Pattern1)
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2,3 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 - 
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0 

D0=FF, 

D1=00 

D2=00, 

D3=FF 

D4=00, 

D5=FF 

D6=FF, 

D7=00 

5 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

6,7 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 - 

2 8-11 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 12-15 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 16-19 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 20-23 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 24-27 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

7 28-31 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

8 32-35 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

 
For x4 and x8 

only 

9 36-39 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

10 40-43 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

11 44-47 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

12 48-51 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

13 52-55 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

14 56-59 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

15 60-63 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 
1) DQS_t, DQS_c are used according to RD Commands, otherwise VDDQ. 
2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) Burst Sequence driven on each DQ signal by Read Command. 
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[Table 49] IDD4W, IDD4WA, IDD4WB and IDD4W_par Measurement-Loop Pattern1)
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D0=FF, 

D1=00 

D2=00, 

D3=FF 

D4=00, 

D5=FF 

D6=FF, 

D7=00 

5 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 - 

6,7 D#, D# 1 1 1 1 1 1 0 32) 3 0 0 0 7 F 0 - 

2 8-11 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 12-15 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 16-19 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 20-23 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 24-27 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

7 28-31 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

8 32-35 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

 
For x4 and x8 

only 

9 36-39 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

10 40-43 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

11 44-47 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

12 48-51 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

13 52-55 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

14 56-59 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

15 60-63 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 
1) DQS_t, DQS_c are used according to WR Commands, otherwise VDDQ. 
2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) Burst Sequence driven on each DQ signal by Write Command. 
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[Table 50] IDD4WC Measurement-Loop Pattern1)
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3,4 D#, D# 1 1 1 1 1 1 0 32) 3 0 0 0 7 F 0 - 
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D0=FF, 

D1=00 

D2=00, 

D3=FF 

D4=00, 

D5=FF 

D6=FF, 

D7=00 

D8=CRC 

6,7 D, D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 - 

8,9 D#, D# 1 1 1 1 1 1 0 32) 3 0 0 0 7 F 0 - 

2 10-14 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 15-19 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 20-24 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

5 25-29 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

6 30-34 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

7 35-39 repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

8 40-44 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

 
For x4 and x8 

only 

9 45-49 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

10 50-54 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

11 55-59 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

12 60-64 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

13 65-69 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

14 70-74 repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

15 75-79 repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

NOTE : 

1) DQS_t, DQS_c are VDDQ. 

2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) Burst Sequence driven on each DQ signal by Write Command. 
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[Table 51] IDD5B Measurement-Loop Pattern1)
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0 0 REF 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 

1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

3 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 - 

4 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 - 

4-7 repeat pattern 1...4, use BG[1:0]2) = 1, BA[1:0] = 1 instead 

8-11 repeat pattern 1...4, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

12-15 repeat pattern 1...4, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

16-19 repeat pattern 1...4, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

20-23 repeat pattern 1...4, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

24-27 repeat pattern 1...4, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

28-31 repeat pattern 1...4, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

32-35 repeat pattern 1...4, use BG[1:0]2) = 2, BA[1:0] = 0 instead  
 
 
 

 
For x4 and x8 

only 

36-39 repeat pattern 1...4, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

40-43 repeat pattern 1...4, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

44-47 repeat pattern 1...4, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

48-51 repeat pattern 1...4, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

52-55 repeat pattern 1...4, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

56-59 repeat pattern 1...4, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

60-63 repeat pattern 1...4, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

2 64 ... nRFC - 1 repeat Sub-Loop 1, Truncate, if necessary 

NOTE : 

1) DQS_t, DQS_c are VDDQ. 

2) BG1 is don’t care for x16 device. 

3) C[2:0] are used only for 3DS device. 

4) DQ signals are VDDQ. 
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[Table 52] IDD7 Measurement-Loop Pattern1)
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D6=00, 

D7=FF 

2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 

3 D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 - 

... repeat pattern 2...3 until nRRD - 1, if nRRD > 4. Truncate if necessary 
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nRRD ACT 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 - 
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D0=FF, 

D1=00 

D2=00, 

D3=FF 

D4=00, 

D5=FF 

D6=FF, 

D7=00 

... repeat pattern 2 ... 3 until 2*nRRD - 1, if nRRD > 4. Truncate if necessary 

2 2*nRRD repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 2 instead 

3 3*nRRD repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 3 instead 

4 4*nRRD repeat pattern 2 ... 3 until nFAW - 1, if nFAW > 4*nRRD. Truncate if necessary 

 
5 nFAW repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead 

6 nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 2 instead 

7 nFAW + 2*nRRD repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 3 instead 

8 nFAW + 3*nRRD repeat Sub-Loop 1, use BG[1:0]2) = 1, BA[1:0] = 0 instead 

9 nFAW + 4*nRRD repeat Sub-Loop 4 

 
10 2*nFAW repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 0 instead  

 
 
 
 
 
 
 
 

For x4 and x8 

only 

11 2*nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 1 instead 

12 
2*nFAW + 

2*nRRD 
repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 2 instead 

13 
2*nFAW + 

3*nRRD 
repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 3 instead 

14 
2*nFAW + 

4*nRRD 
repeat Sub-Loop 4 

 
15 3*nFAW repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 1 instead 

16 3*nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 2 instead 

17 
3*nFAW + 

2*nRRD 
repeat Sub-Loop 0, use BG[1:0]2) = 2, BA[1:0] = 3 instead 

18 
3*nFAW + 

3*nRRD 
repeat Sub-Loop 1, use BG[1:0]2) = 3, BA[1:0] = 0 instead 

19 
3*nFAW + 

4*nRRD 
repeat Sub-Loop 4 

 20 4*nFAW repeat pattern 2 ... 3 until nRC - 1, if nRC > 4*nFAW. Truncate if necessary 

NOTE: 
1) DQS_t, DQS_c are VDDQ. 
2) BG1 is don’t care for x16 device. 
3) C[2:0] are used only for 3DS device. 

4) Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ. 
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14. IDD SPEC TABLE 
IDD and IPP values are for typical operating range of voltage and temperature unless otherwise noted. 

 

[Table 53]  IDD and IDDQ Specification for SMS4WEC8C2J2446SAG 
 

 
 
 

Symbol 

SMS4WEC8C2J2446SAG 
16GB (2Gx64) Module 

 
 
 

Unit 

DDR4-3200 

22-22-22 

VDD 1.2V VPP 2.5V 

IDD Max. IPP Max. 

IDD0 376 32 mA 

IDD0A 408 32 mA 

IDD1 416 32 mA 

IDD1A 440 32 mA 

IDD2N 240 24 mA 

IDD2NA 240 24 mA 

IDD2NT 248 24 mA 

IDD2NL 200 24 mA 

IDD2NG 232 24 mA 

IDD2ND 216 24 mA 

IDD2N_par 248 24 mA 

IDD2P 176 24 mA 

IDD2Q 224 24 mA 

IDD3N 328 32 mA 

IDD3NA 336 32 mA 

IDD3P 248 32 mA 

IDD4R 1024 32 mA 

IDD4RA 1104 32 mA 

IDD4RB 1064 32 mA 

IDD4W 896 32 mA 

IDD4WA 960 32 mA 

IDD4WB 888 32 mA 

IDD4WC 824 32 mA 

IDD4W_par 1000 32 mA 

IDD5B 2760 240 mA 

IDD5F2 2040 184 mA 

IDD5F4 1640 176 mA 

IDD6N 344 48 mA 

IDD6E 536 72 mA 

IDD6R 248 40 mA 

IDD6A 344 48 mA 

IDD7 1536 112 mA 

IDD8 176 24 mA 

NOTE : 

1) DIMM IDD SPEC is based on the condition that de-actived rank (IDLE) is IDD2N. Please refer to Table 54. 

2) IDD current measure method and detail patterns are described on DDR4 component datasheet. 

3) VDD and VDDQ are merged on module PCB (IDDQ values are not considered by Qoff condition) 
4) DIMM IDD Values are calculated based on the component IDD spec and Register power. 
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[Table 54]  DIMM Rank Status 
 

SEC DIMM Operating Rank The other Rank 

IDD0 IDD0 IDD2N 

IDD1 IDD1 IDD2N 

IDD2P IDD2P IDD2P 

IDD2N IDD2N IDD2N 

IDD2Q IDD2Q IDD2Q 

IDD3P IDD3P IDD3P 

IDD3N IDD3N IDD3N 

IDD4R IDD4R IDD2N 

IDD4W IDD4W IDD2N 

IDD5B IDD5B IDD2N 

IDD6 IDD6 IDD6 

IDD7 IDD7 IDD2N 

IDD8 IDD8 IDD8 
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15. INPUT/OUTPUT APACITANCE 
 

[Table 55] Silicon Pad I/O Capacitance 
 

 
Symbol 

 
Parameter 

DDR4-1600/1866/ 

2133 
DDR4-2400/2666 DDR4-2933 DDR4-3200  

Unit 

 
NOTE 

min max min max min max min max 

CIO Input/output capacitance 0.55 1.4 0.55 1.15 0.55 1.0 0.55 1.0 pF 1,2,3 

CDIO Input/output capacitance delta -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,3,11 

CDDQS 
Input/output capacitance delta 

DQS_t and DQS_c 
- 0.05 - 0.05 - 0.05 - 0.05 pF 1,2,3,5 

CCK Input capacitance, CK_t and CK_c 0.2 0.8 0.2 0.7 0.2 0.7 0.2 0.7 pF 1,3 

CDCK Input capacitance delta CK_t and CK_c - 0.05 - 0.05 - 0.05 - 0.05 pF 1,3,4 

CI 
Input capacitance 

(CTRL, ADD, CMD pins only) 
0.2 0.8 0.2 0.7 0.2 0.6 0.2 0.55 pF 1,3,6 

CDI_ CTRL 
Input capacitance delta 

(All CTRL pins only) 
-0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,3,7,8 

CDI_ 

ADD_CMD 

Input capacitance delta 

(All ADD/CMD pins only) 
-0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,9,10 

CALERT Input/output capacitance of ALERT 0.5 1.5 0.5 1.5 0.5 1.5 0.5 1.5 pF 1,3 

CZQ Input/output capacitance of ZQ - 2.3 - 2.3 - 2.3 - 2.3 pF 1,3,12 

CTEN Input capacitance of TEN 0.2 2.3 0.2 2.3 0.2 2.3 0.2 2.3 pF 1,3,13 

NOTE : 

1) This parameter is not subject to production test. It is verified by design and characterization. The silicon only capacitance is validated by de-embedding the package L & C 
parasitic. The capacitance is measured with VDD, VDDQ, VSS, VSSQ applied with all other signal pins floating. 

2) DQ, DM_n, DQS_t, DQS_c, TDQS_t, TDQS_c. Although the DM, TDQS_t and TDQS_c pins have different functions, the loading matches DQ and DQS 

3) This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here 

4) Absolute value CK_t-CK_c 

5) Absolute value of CIO(DQS_t)-CIO (DQS_c) 

6) CI applies to ODT, CS_n, CKE, A0-A17, BA0-BA1, BG0-BG1, RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR. 
7) CDI CTRL applies to ODT, CS_n and CKE 

8) CDI_CTRL = CI(CTRL)-0.5*(CI(CK_t)+CI(CK_c)) 

9) CDI_ADD_ CMD applies to, A0-A17, BA0-BA1, BG0-BG1,RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR. 
10) CDI_ADD_CMD = CI(ADD_CMD)-0.5*(CI(CK_t)+CI(CK_c)) 

11) CDIO = CIO(DQ,DM)-0.5*(CIO(DQS_t)+CIO(DQS_c)) 

12) Maximum external load capacitance on ZQ pin: 5 pF. 

13) TEN pin may be DRAM internally pulled low through a weak pull-down resistor to VSS. In this case CTEN might not be valid and system shall verify TEN signal with Vendor 
specific information. 
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16. ELECTRICAL CHARACTERISTICS & AC TIMING 

16.1 Reference Load for AC Timing and Output Slew Rate 

Figure 23 represents the effective reference load of 50 ohms used in defining the relevant AC timing parameters of the device as well as output slew rate 

measurements. 

 
Ron nominal of DQ, DQS_t and DQS_c drivers uses 34 ohms to specify the relevant AC timing parameter values of the device. 

The maximum DC High level of Output signal = 1.0 * VDDQ, 

The minimum DC Low level of Output signal = {34 /(34 + 50)} *VDDQ = 0.4* VDDQ 

The nominal reference level of an Output signal can be approximated by the following: 

The center of maximum DC High and minimum DC Low = {(1 + 0.4) / 2} * VDDQ = 0.7 * VDDQ 

The actual reference level of Output signal might vary with driver Ron and reference load tolerances. Thus, the actual reference level or midpoint of an 

output signal is at the widest part of the output signal’s eye. Prior to measuring AC parameters, the reference level of the verification tool should be set to 

an appropriate level. 

 
It is not intended as a precise representation of any particular system environment or a depiction of the actual load presented by a production tester. 

System designers should use IBIS or other simulation tools to correlate the timing reference load to a system environment. Manufacturers correlate to 

their production test conditions, generally one or more coaxial transmission lines terminated at the tester electronics. 

 

  
 

Figure 23. Reference Load for AC Timing and Output Slew Rate 

 
 

16.2 tREFI 

Average periodic Refresh interval (tREFI) of DDR4 SDRAM is defined as shown in the table. 
 

[Table 56] tREFI by device density 
 

Parameter Symbol 16Gb Units NOTE 

All Bank Refresh to active/refresh cmd time tRFC 550 ns  
 

Average periodic refresh interval 
 

tREFI 
0 C  TCASE  85C 7.8 s  

85 C  TCASE  95C 3.9 s 1 

NOTE : 

1) Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR4 SDRAM devices support the following options or requirements referred to in 

this material. 
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16.3 Clock Specification 
The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in malfunction of the DDR4 

SDRAM device. 

 

16.3.1 Definition for tCK(abs) 
tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge. tCK(abs) is not subject t o pro- 

duction test. 

 

 

16.3.2 Definition for tCK(avg) 
tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is calculated from rising edge to 

rising edge. 

 

 
16.3.3 Definition for tCH(avg) and tCL(avg) 
tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses. 

 

 
tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses. 

 

 
 
 

 
 

16.3.4 Definition for tERR(nper) 
tERR is defined as the cumulative error across n consecutive cycles of n x tCK(avg). tERR is not subject to production test. 
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17. TIMING PARAMETERS BY SPEED GRADE 

[Table 57] Timing Parameters by Speed Bin for DDR4-1600 to DDR4-3200 
 

Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200  
Units 

 
NOTE 

Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Clock Timing 

Minimum Clock Cycle Time 
(DLL off mode) 

tCK 
(DLL_OFF) 

8 20 8 20 8 20 8 20 8 20 8 20 8 20 ns  
Average Clock Period tCK(avg) 1.25 <1.5 1.071 <1.25 0.937 <1.071 0.833 <0.937 0.750 <0.833 0.682 <0.750 0.625 <0.682 ns 35,36 

Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)  
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)  
Absolute Clock Period tCK(abs) 

MIN : tCK(avg)min + tJIT(per)min_tot 
MAX : tCK(avg)max + tJIT(per)max_tot 

tCK(avg)  
Absolute clock HIGH pulse width tCH(abs) 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - tCK(avg) 23 

Absolute clock LOW pulse width tCL(abs) 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - tCK(avg) 24 

Clock Period Jitter- total JIT(per)_tot -63 63 -54 54 -47 47 -42 42 -38 38 -34 34 -32 32 ps 23 

Clock Period Jitter- deterministic JIT(per)_dj -31 31 -27 27 -23 23 -21 21 -19 19 -17 17 -16 16 ps 26 

Clock Period Jitter during DLL 
locking period 

tJIT(per, lck) -50 50 -43 43 -38 38 -33 33 -30 30 -27 27 -25 25 ps  
Cycle to Cycle Period Jitter tJIT(cc) - 125 - 107 - 94 - 83 - 75 - 68 - 62 ps  
Cycle to Cycle Period Jitter 

during DLL locking period 
tJIT(cc, lck) - 100 - 86 - 75 - 67 - 60 - 55 - 50 ps  

Cumulative error across 2 cycles tERR(2per) -92 92 -79 79 -69 69 -61 61 -55 55 -50 50 -46 46 ps  
Cumulative error across 3 cycles tERR(3per) -109 109 -94 94 -82 82 -73 73 -66 66 -60 60 -55 55 ps  
Cumulative error across 4 cycles tERR(4per) -121 121 -104 104 -91 91 -81 81 -73 73 -66 66 -61 61 ps  
Cumulative error across 5 cycles tERR(5per) -131 131 -112 112 -98 98 -87 87 -78 78 -71 71 -65 65 ps  
Cumulative error across 6 cycles tERR(6per) -139 139 -119 119 -104 104 -92 92 -83 83 -75 75 -69 69 ps  
Cumulative error across 7 cycles tERR(7per) -145 145 -124 124 -109 109 -97 97 -87 87 -79 79 -73 73 ps  
Cumulative error across 8 cycles tERR(8per) -151 151 -129 129 -113 113 -101 101 -91 91 -83 83 -76 76 ps  
Cumulative error across 9 cycles tERR(9per) -156 156 -134 134 -117 117 -104 104 -94 94 -85 85 -78 78 ps  
Cumulative error across 10 cy- 
cles 

tERR(10per 

) 
-160 160 -137 137 -120 120 -107 107 -96 96 -88 88 -80 80 ps  

Cumulative error across 11 cy- 
cles 

tERR(11per 

) 
-164 164 -141 141 -123 123 -110 110 -99 99 -90 90 -83 83 ps  

Cumulative error across 12 cy- 
cles 

tERR(12per 

) 
-168 168 -144 144 -126 126 -112 112 -101 101 -92 92 -84 84 ps  

Cumulative error across 13 cy- 
cles 

tERR(13per 

) 
-172 172 -147 147 -129 129 -114 114 -103 103 -93 93 -86 86 ps  

Cumulative error across 14 cy- 
cles 

tERR(14per 

) 
-175 175 -150 150 -131 131 -116 116 -104 104 -95 95 -87 87 ps  

Cumulative error across 15 cy- 
cles 

tERR(15per 

) 
-178 178 -152 152 -133 133 -118 118 -106 106 -97 97 -89 89 ps  

Cumulative error across 16 cy- 
cles 

tERR(16per 

) 
-180 189 -155 155 -135 135 -120 120 -108 108 -98 98 -90 90 ps  

Cumulative error across 17 cy- 
cles 

tERR(17per 

) 
-183 183 -157 157 -137 137 -122 122 -110 110 -100 100 -92 92 ps  

Cumulative error across 18 cy- 
cles 

tERR(18per 

) 
-185 185 -159 159 -139 139 -124 124 -112 112 -101 101 -93 93 ps  

Cumulative error across n = 13, 
14 . . . 49, 50 cycles 

tERR(nper) 
MIN : tERR(nper)min = ((1 + 0.68ln(n)) * tJIT(per)_total min) 

MAX : tERR(nper)max = ((1 + 0.68ln(n)) * tJIT(per)_total max) 
ps  

Command and Address setup 

time to CK_t, CK_c referenced to 

Vih(ac) / Vil(ac) levels 

 
tIS(base) 

 
115 

 
- 

 
100 

 
- 

 
80 

 
- 

 
62 

 
- 

 
55 

 
- 

 
48 

 
- 

 
40 

 
- 

 
ps 

 

Command and Address setup 

time to CK_t, CK_c referenced to 

Vref levels 

 
tIS(Vref) 

 
215 

 
- 

 
200 

 
- 

 
180 

 
- 

 
162 

 
- 

 
145 

 
- 

 
138 

 
- 

 
130 

 
- 

 
ps 

 

Command and Address hold 

time to CK_t, CK_c referenced to 

Vih(dc) / Vil(dc) levels 

 
tIH(base) 

 
140 

 
- 

 
125 

 
- 

 
105 

 
- 

 
87 

 
- 

 
80 

 
- 

 
73 

 
- 

 
65 

 
- 

 
ps 

 

Command and Address hold 

time to CK_t, CK_c referenced to 

Vref levels 

 
tIH(Vref) 

 
215 

 
- 

 
200 

 
- 

 
180 

 
- 

 
162 

 
- 

 
145 

 
- 

 
138 

 
- 

 
130 

 
- 

 
ps 

 

Control and Address Input pulse 

width for each input 
tIPW 600 - 525 - 460 - 410 - 385 - 365 - 340 - ps  

Command and Address Timing 

CAS_n to CAS_n command de- 
lay for same bank group 

 
tCCD_L 

max(5 

nCK, 
6.250 ns) 

 
- 

max(5 

nCK, 
5.355 ns) 

 
- 

max(5 

nCK, 
5.355 ns) 

 
- 

max(5 
nCK, 
5 ns) 

 
- 

max(5 
nCK, 
5 ns) 

 
- 

max(5 
nCK, 
5 ns) 

 
- 

max(5 
nCK, 
5 ns) 

 
- 

 
nCK 

 
34 

CAS_n to CAS_n command de- 
lay for different bank group 

tCCD_S 4 - 4 - 4 - 4 - 4 - 4 - 4 - nCK 34 
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200  

Units 
 

NOTE 
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

ACTIVATE to ACTIVATE Com- 
mand delay to different bank 
group for 2KB page size 

 

tRRD_S(2K) 
Max(4nC 

K,6ns) 

 

- 
Max(4nC 
K,5.3ns) 

 

- 
Max(4nC 
K,5.3ns) 

 

- 

 

Max(4nC 
K,5.3ns) 

 

- 

 

Max(4nC 
K,5.3ns) 

 

- 
Max(4nC 
K,5.3ns) 

 

- 

 

Max(4nC 
K,5.3ns) 

 

- 

 

nCK 

 

34 

ACTIVATE to ACTIVATE Com- 

mand delay to different bank 

group for 2KB page size 

 

tRRD_S(1K) 
Max(4nC 

K,5ns) 
 Max(4nC 

K,4.2ns) 
 Max(4nC 

K,3.7ns) 
 

 

Max(4nC 
K,3.3ns) 

 

- 

 

Max(4nC 
K,3ns) 

 

- 
Max(4nC 
K,2.7ns) 

 

- 

 

Max(4nC 
K, 2.5ns) 

 

- 

 

nCK 

 

34 

ACTIVATE to ACTIVATE Com- 

mand delay to different bank 
group for 1/2KB page size 

tRRD_S(1/ 

2K) 

Max(4nC 

K,5ns) 
 Max(4nC 

K,4.2ns) 
 Max(4nC 

K,3.7ns) 
 

 

Max(4nC 
K,3.3ns) 

 

- 

 

Max(4nC 
K,3ns) 

 

- 
Max(4nC 

K,2.7ns) 

 

- 

 

Max(4nC 
K, 2.5ns) 

 

- 

 

nCK 

 

34 

ACTIVATE to ACTIVATE Com- 

mand delay to same bank group 
for 2KB page size 

 

tRRD_L(2K) 
Max(4nC 
K,7.5ns) 

 Max(4nC 
K,6.4ns) 

 Max(4nC 
K,6.4ns) 

 
 

Max(4nC 
K,6.4ns) 

 

- 

 

Max(4nC 
K,6.4ns) 

 

- 

 

Max(4nC 
K,6.4ns) 

 

- 

 

Max(4nC 
K,6.4ns) 

 

- 

 

nCK 

 

34 

ACTIVATE to ACTIVATE Com- 

mand delay to same bank group 

for 1KB page size 

 

tRRD_L(1K) 
Max(4nC 

K,6ns) 
 Max(4nC 

K,5.3ns) 
 Max(4nC 

K,5.3ns) 
 

 

Max(4nC 
K,4.9ns) 

 

- 

 

Max(4nC 
K,4.9ns) 

 

- 

 

Max(4nC 
K,4.9ns) 

 

- 

 

Max(4nC 
K,4.9ns) 

 

- 

 

nCK 

 

34 

ACTIVATE to ACTIVATE Com- 

mand delay to same bank group 
for 1/2KB page size 

tRRD_L(1/ 

2K) 

Max(4nC 

K,6ns) 
 Max(4nC 

K,5.3ns) 
 Max(4nC 

K,5.3ns) 
 

 

Max(4nC 
K,4.9ns) 

 

- 

 

Max(4nC 
K,4.9ns) 

 

- 

 

Max(4nC 
K,4.9ns) 

 

- 

 

Max(4nC 
K,4.9ns) 

 

- 

 

nCK 

 

34 

Four activate window for 2KB 
page size 

tFAW_2K 
Max(28n 
CK,35ns)  

Max(28n 
CK,30ns)  

Max(28n 
CK,30ns)  

Max(28n 
CK,30ns) 

- 
Max(28n 
CK,30ns) 

- 
Max(28n 
CK,30ns) 

- 
Max(28n 
CK,30ns) 

- ns 34 

Four activate window for 1KB 
page size 

tFAW_1K 
Max(20n 
CK,25ns)  

Max(20n 
CK,23ns)  

Max(20n 
CK,21ns)  

Max(20n 
CK,21ns) 

- 
Max(20n 
CK,21ns) 

- 
Max(20n 
CK,21ns) 

- 
Max(20n 
CK,21ns) 

- ns 34 

Four activate window for 1/2KB 

page size 

 

tFAW_1/2K 
Max(16n 

CK,20ns) 
 Max(16n 

CK,17ns) 
 Max(16n 

CK,15ns) 
 

 

Max(16n 
CK,13ns) 

 

- 

 

Max(16n 
CK,12ns) 

 

- 

Max 
(16nCK, 

10.875ns) 

 

- 

 

Max(16n 
CK,10ns) 

 

- 

 

ns 

 

34 

Delay from start of internal write 

transaction to internal read com- 

mand for different bank group 

 

tWTR_S 
max(2nC 

K,2.5ns) 

 

- 
max(2nC 

K,2.5ns) 

 

- 
max(2nC 

K,2.5ns) 

 

- 
Max 

(2nCK, 
2.5ns) 

 

- 
Max 

(2nCK, 
2.5ns) 

 

- 

Max 
(2nCK, 

2.5ns) 

 

- 
max 

(2nCK, 
2.5ns) 

 

- 

 

ns 
1,2,e,3 

4 

Delay from start of internal write 

transaction to internal read com- 

mand for same bank group 

 

tWTR_L 
max(4nC 
K,7.5ns) 

 

- 
max(4nC 
K,7.5ns) 

 

- 
max(4nC 
K,7.5ns) 

 

- 
max 

(4nCK,7.5 
ns) 

 

- 
max 

(4nCK,7.5 
ns) 

 

- 

max 

(4nCK,7.5 
ns) 

 

- 
max 

(4nCK,7.5 
ns) 

 

- 
  

1,34 

Internal READ Command to 
PRECHARGE Command delay 

 

tRTP 
max(4nC 
K,7.5ns) 

 

- 
max(4nC 
K,7.5ns) 

 

- 
max(4nC 
K,7.5ns) 

 

- 
max 

(4nCK,7.5 
ns) 

 

- 
max 

(4nCK,7.5 
ns) 

 

- 

max 
(4nCK,7.5 

ns) 

 

- 
max 

(4nCK,7.5 
ns) 

 

-   

WRITE recovery time tWR 15 - 15 - 15 - 15 - 15 - 15 - 15 - ns 1 

Write recovery time when CRC 
and DM are enabled 

tWR_CRC 
_DM 

tWR+max 
(4nCK,3.7 

5ns) 

 

- 
tWR+max 
(5nCK,3.7 

5ns) 

 

- 
tWR+max 
(5nCK,3.7 

5ns) 

 

- 
tWR+max 
(5nCK,3.7 

5ns) 

 

- 
tWR+max 
(5nCK,3.7 

5ns) 

 

- 
tWR+max 
(5nCK,3.7 

5ns) 

 

- 
tWR+max 
(5nCK,3.7 

5ns) 

 

- 

 

ns 

 

1, 28 

Delay from start of internal write 
transaction to internal read com- 
mand for different bank group 
with both CRC and DM enabled 

 

tWTR_S_C 
RC_DM 

tWTR_S+ 
max 

(4nCK,3.7 
5ns) 

 

- 

tWTR_S+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_S+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_S+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_S+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_S+ 
max 

(5nCK,3.7 

5ns) 

 

- 

tWTR_S+ 
max 

(5nCK,3.7 
5ns) 

 

- 

 

ns 

 

2, 29, 
34 

Delay from start of internal write 
transaction to internal read com- 
mand for same bank group with 
both CRC and DM enabled 

 

tWTR_L_C 
RC_DM 

tWTR_L+ 
max 

(4nCK,3.7 
5ns) 

 

- 

tWTR_L+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_L+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_L+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_L+ 
max 

(5nCK,3.7 
5ns) 

 

- 

tWTR_L+ 
max 

(5nCK,3.7 

5ns) 

 

- 

tWTR_L+ 
max 

(5nCK,3.7 
5ns) 

 

- 

 

ns 

 

3,30, 
34 

DLL locking time tDLLK 597 - 597 - 768 - 768 - 1024 - 1024 - 1024 - nCK  
Mode Register Set command cy- 
cle time 

tMRD 8 - 8 - 8 - 8 - 8 - 8 - 8 - nCK  

Mode Register Set command up- 
date delay 

tMOD 
max(24n 
CK,15ns) 

- 
max(24n 
CK,15ns) 

- 
max(24n 
CK,15ns) 

- 
max(24n 
CK,15ns) 

- 
max(24n 
CK,15ns) 

- 
max(24n 
CK,15ns) 

- 
max(24n 
CK,15ns) 

- nCK 50 

Multi-Purpose Register Recovery 
Time 

tMPRR 1 - 1 - 1 - 1 - 1 - 1 - 1 - nCK 33 

Multi Purpose Register Write Re- 
covery Time 

 

tWR_MPR 

tMOD 

(min) 

+ AL + PL 

 

- 

tMOD 

(min) 

+ AL + PL 

 

- 

tMOD 

(min) 

+ AL + PL 

 

- 

tMOD 

(min) 

+ AL + PL 

 

- 

tMOD 

(min) 

+ AL + PL 

 

- 

tMOD 

(min) 

+ AL + PL 

 

- 

tMOD 

(min) 

+ AL + PL 

 

-   

Auto precharge write recovery + 

precharge time 
tDAL(min) Programmed WR + roundup (tRP / tCK(avg)) nCK  

DQ0 or DQL0 driven to 0 set-up 

time to first DQS rising edge 
tPDA_S 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - UI 45,47 

DQ0 or DQL0 driven to 0 hold 

time from last DQS falling edge 
tPDA_H 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - UI 46,47 

CS_n to Command Address Latency 

CS_n to Command Address La- 
tency 

 

tCAL 

max(3 

nCK, 

3.748 ns) 

 

- 

max(3 

nCK, 

3.748 ns) 

 

- 

max(3 

nCK, 

3.748 ns) 

 

- 
max(3 
nCK, 

3.748 ns) 

 

- 
max(3 
nCK, 

3.748 ns) 

 

- 

max(3 

nCK, 

3.748 ns) 

 

- 
max(3 
nCK, 

3.748 ns) 

 

- 

 

nCK  

Mode Register Set command cy- 

cle time in CAL mode 
tMRD_tCAL 

tMOD+ 

tCAL 
- 

tMOD+ 

tCAL 
- 

tMOD+ 

tCAL 
- 

tMOD+ 
tCAL 

- 
tMOD+ 
tCAL 

- 
tMOD+ 

tCAL 
- 

tMOD+ 
tCAL 

- nCK  

Mode Register Set update delay 

in CAL mode 
tMOD_tCAL 

tMOD+ 

tCAL 
- 

tMOD+ 

tCAL 
- 

tMOD+ 

tCAL 
- 

tMOD+ 
tCAL 

- 
tMOD+ 
tCAL 

- 
tMOD+ 

tCAL 
- 

tMOD+ 
tCAL 

- nCK  

DRAM Data Timing 

DQS_t, DQS_c to DQ skew, per 
group, per access 

tDQSQ - 0.16 - 0.16 - 0.16 - 0.17 - 0.18 - 0.19 - 0.20 
tCK(avg) 

/2 

13,18, 

39,49 
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200  

Units 
 

NOTE 
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

DQ output hold time per group, 
per access from DQS_t, DQS_c 

 

tQH 

 

0.76 

 

- 

 

0.76 

 

- 

 

0.76 

 

- 

 

0.74 

 

- 

 

0.74 

 

- 

 

0.72 

 

- 

 

0.70 

 

- 
tCK(avg) 

/2 

13,17, 
18,39, 

49 

Data Valid Window per device, 

per UI: (tQH - tDQSQ) of each UI 

on a given DRAM 

 

tDVWd 

 

0.63 

 

- 

 

0.63 

 

- 

 

0.64 

 

- 

 

0.64 

 

- 

 

0.64 

 

- 

 

0.64 

 

- 

 

0.64 

 

- 

 

UI 
17,18, 

39,49 

Data Valid Window, per pin, per 

UI: (tQH - tDQSQ) each UI on a 

pin of a given DRAM 

 

tDVWp 

 

0.66 

 

- 

 

0.66 

 

- 

 

0.69 

 

- 

 

0.72 

 

- 

 

0.72 

 

- 

 

0.72 

 

- 

 

0.72 

 

- 

 

UI 
17,18, 

39,49 

DQ low impedance time from 
CK_t, CK_c 

tLZ(DQ) -450 225 -390 195 -360 180 -330 175 -310 170 -280 165 -250 160 ps 39 

DQ high impedance time from 
CK_t, CK_c 

tHZ(DQ) - 225 - 195 - 180 - 175 - 170 - 165 - 160 ps 39 

Data Strobe Timing 

DQS_t, DQS_c differential READ 

Pre-amble (1 clock preamble) 
tRPRE 0.9 NOTE44 0.9 NOTE44 0.9 NOTE44 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 tCK 40 

DQS_t, DQS_c differential READ 

Preamble (2 clock preamble) 
tRPRE2 NA NA NA NA NA NA 1.8 NOTE 44 1.8 NOTE 44 1.8 NOTE 44 1.8 NOTE 44 tCK 41 

DQS_t, DQS_c differential READ 

Postamble 
tRPST 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 tCK  

DQS_t, DQS_c differential output 

high time 
tQSH 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - tCK 21 

DQS_t, DQS_c differential output 

low time 
tQSL 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - tCK 20 

DQS_t, DQS_c differential 

WRITE Preamble (1 clock pream- 

ble) 

 

tWPRE 

 

0.9 

 

- 

 

0.9 

 

- 

 

0.9 

 

- 

 

0.9 

 

- 

 

0.9 

 

- 

 

0.9 

 

- 

 

0.9 

 

- 

 

tCK 

 

42 

DQS_t, DQS_c differential 
WRITE Preamble (2 clock pream- 
ble) 

 

tWPRE2 

 

NA   

NA   

NA   

1.8 

 

- 

 

1.8 

 

- 

 

1.8 

 

- 

 

1.8 

 

- 

 

tCK 

 

43 

DQS_t, DQS_c differential 
WRITE Postamble 

tWPST 0.33 - 0.33 - 0.33 - 0.33 - 0.33 - 0.33 - 0.33 - tCK  

DQS_t and DQS_c low-imped- 

ance time (Referenced from RL- 

1) 

 

tLZ(DQS) 

 

-450 

 

225 

 

-390 

 

195 

 

-360 

 

180 

 

-330 

 

175 

 

-310 

 

170 

 

-280 

 

165 

 

-250 

 

160 

 

ps  

DQS_t and DQS_c high-imped- 

ance time (Referenced from 

RL+BL/2) 

 

tHZ(DQS) 

 

- 

 

225 

 

- 

 

195 

 

- 

 

180 

 

- 

 

175 

 

- 

 

170 

 

- 

 

165 

 

- 

 

160 

 

ps 
 

DQS_t, DQS_c differential input 
low pulse width 

tDQSL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tCK  

DQS_t, DQS_c differential input 
high pulse width 

tDQSH 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tCK  

DQS_t, DQS_c rising edge to 
CK_t, CK_c rising edge (1 clock 

preamble) 

 

tDQSS 

 

-0.27 

 

0.27 

 

-0.27 

 

0.27 

 

-0.27 

 

0.27 

 

-0.27 

 

0.27 

 

-0.27 

 

0.27 

 

-0.27 

 

0.27 

 

-0.27 

 

0.27 

 

tCK 

 

42 

DQS_t, DQS_c rising edge to 

CK_t, CK_c rising edge (2 clock 

preamble) 

 

tDQSS2 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

-0.5 

 

0.5 

 

-0.5 

 

0.5 

 

-0.5 

 

0.5 

 

-0.5 

 

0.5 

 

tCK 

 

43 

DQS_t, DQS_c falling edge setup 
time to CK_t, CK_c rising edge 

tDSS 0.18 - 0.18 - 0.18 - 0.18 - 0.18 - 0.18 - 0.18 - tCK  

DQS_t, DQS_c falling edge hold 
time from CK_t, CK_c rising edge 

tDSH 0.18 - 0.18 - 0.18 - 0.18 - 0.18 - 0.18 - 0.18 - tCK  

DQS_t, DQS_c rising edge out- 
put timing location from rising 
CK_t, CK_c with DLL On mode 

tDQSCK 
(DLL On) 

 

-225 

 

225 

 

-195 

 

195 

 

-180 

 

180 

 

-175 

 

175 

 

-170 

 

170 

 

-165 

 

165 

 

-160 

 

160 

 

ps 
37,38, 

39 

DQS_t, DQS_c rising edge out- 
put variance window per DRAM 

tDQSCKI 
(DLL On) 

- 370 - 330 - 310 - 290 - 270 - 265 - 260 ps 
37,38, 

39 

MPSM Timing 

Command path disable delay 

upon MPSM entry 

 

tMPED 

tMOD(mi 

n) + tCP- 
DED(min) 

 

- 

tMOD(mi 

n) + tCP- 
DED(min) 

 

- 

tMOD(mi 

n) + tCP- 
DED(min) 

 

- 

tMOD(mi 

n) + tCP- 
DED(min) 

 

- 

tMOD(mi 

n) + tCP- 
DED(min) 

 

- 

tMOD(min) 

+ tCP- 

DED(min) 

 

- 

tMOD(mi 

n) +tCP- 
DED(min) 

 

- 
  

Valid clock requirement after 
MPSM entry 

 

tCKMPE 
tMOD(mi 

n) +tCP- 
DED(min) 

 

- 
tMOD(mi 

n) + tCP- 
DED(min) 

 

- 
tMOD(mi 

n) + tCP- 
DED(min) 

 

- 
tMOD(mi 

n) + tCP- 
DED(min) 

 

- 
tMOD(mi 

n) + tCP- 
DED(min) 

 

- 

tMOD(min) 

+tCP- 

DED(min) 

 

- 
tMOD(mi 

n) +tCP- 
DED(min) 

 

- 
  

Valid clock requirement before 
MPSM exit 

tCKMPX 
tCKSRX( 

min) 
- 

tCKSRX( 

min) 
- 

tCKSRX( 

min) 
- 

tCKSRX( 

min) 
- 

tCKSRX( 

min) 
- 

tCKSRX(mi 

n) 
- 

tCKSRX( 

min) 
-   

Exit MPSM to commands not 
requiring a locked DLL 

tXMP tXS(min) - tXS(min) - tXS(min) - tXS(min) - tXS(min) - tXS(min) - tXS(min) -   

 

Exit MPSM to commands requir- 

ing a locked DLL 

 

tXMPDLL 

tXMP(min 

) + tXS- 

DLL(min) 

 

- 

tXMP(min 

) + tXS- 

DLL(min) 

 

- 

tXMP(min 

) +tXS- 

DLL(min) 

 

- 

tXMP(min 

) + tXS- 

DLL(min) 

 

- 

tXMP(min 

) + tXS- 

DLL(min) 

 

- 

tXMP(min) 

+ tXS- 

DLL(min) 

 

- 

tXMP(min 

) + 

tXSLL(mi 
n) 

 

- 
  

 

CS setup time to CKE 
 

tMPX_S 
tIS(min) + 

tIH(min) 

 

- 
tIS(min) + 

tIH(min) 

 

- 
tIS(min) + 

tIH(min) 

 

- 
tIS(min) + 

tIH(min) 

 

- 
tIS(min) + 

tIH(min) 

 

- 
tIS(min) + 

tIH(min) 

 

- 
tISmin + 

tIHmin 

 

-   
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200  

Units 
 

NOTE 
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

CS_n High hold time to CKE ris- 
ing edge 

tMPX_HH tXP(min) - tXP(min) - tXP(min) - tXP(min) - tXP(min) - tXP(min) - tXP(min) -   

CS_n Low hold time to CKE ris- 
ing edge 

tMPX_LH 12 
tXMP- 

10ns 
12 

tXMP- 

10ns 
12 

tXMP- 

10ns 
12 

tXMP- 

10ns 
12 

tXMP- 

10ns 
12 

tXMP- 
10ns 

12 
tXMP- 

10ns 
ns 51 

Calibration Timing 

Power-up and RESET calibration 
time 

tZQinit 1024 - 1024 - 1024 - 1024 - 1024 - 1024 - 1024 - nCK  

Normal operation Full calibration 
time 

tZQoper 512 - 512 - 512 - 512 - 512 - 512 - 512 - nCK  

Normal operation Short calibra- 
tion time 

tZQCS 128 - 128 - 128 - 128 - 128 - 128 - 128 - nCK  

Reset/Self Refresh Timing 

 

Exit Reset from CKE HIGH to a 
valid command 

 

tXPR 

max 
(5nCK,tR 
FC(min)+ 

10ns) 

 

- 

max 
(5nCK,tR 
FC(min)+ 

10ns) 

 

- 

max 
(5nCK,tR 
FC(min)+ 

10ns) 

 

- 

max 
(5nCK,t

R 
FC(min)+ 

10ns) 

 

- 

max 
(5nCK,tR 
FC(min)+ 

10ns) 

 

- 

max 
(5nCK,tR 
FC(min)+ 

10ns) 

 

- 

max 
(5nCK,tR 
FC(min)+ 

10ns) 

 

- 

 

nCK 
 

Exit Self Refresh to commands 

not requiring a locked DLL 
tXS 

tRFC(min 

)+10ns 
- 

tRFC(min 

)+10ns 
- 

tRFC(min 

)+10ns 
- 

tRFC(min 

)+10ns 
- 

tRFC(min 

)+10ns 
- 

tRFC(min 

)+10ns 
- 

tRFC(min 

)+10ns 
- nCK  

SRX to commands not requiring a 

locked DLL in Self Refresh 

ABORT 

tX- 

S_ABORT( 
min) 

tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+ 10ns 

 

- 

 

nCK  

Exit Self Refresh to ZQCL,ZQCS 
and MRS (CL,CWL,WR,RTP and 

Gear Down) 

tXS_FAST 

(min) 

tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+10ns 

 

- 
tRFC4(mi 
n)+ 10ns 

 

- 

 

nCK  

Exit Self Refresh to commands 

requiring a locked DLL 
tXSDLL 

tDLLK(mi 

n) 
- 

tDLLK(mi 

n) 
- 

tDLLK(mi 

n) 
- 

tDLLK(mi 

n) 
- 

tDLLK(mi 

n) 
- 

tDLLK(mi 

n) 
- 

tDLLK(mi 

n) 
- nCK  

Minimum CKE low width for Self 

refresh entry to exit timing 
tCKESR 

tCKE(min 

)+1nCK 
- 

tCKE(min 

)+1nCK 
- 

tCKE(min 

)+1nCK 
- 

tCKE(min 

)+1nCK 
- 

tCKE(min 

)+1nCK 
- 

tCKE(min 

)+1nCK 
- 

tCKE(min 

)+1nCK 
- nCK  

Minimum CKE low width for Self 

refresh entry to exit timing with 

CA Parity enabled 

tCKESR_ 

PAR 

tCKE(min 

)+   
1nCK+PL 

 

- 

tCKE(min 

)+   
1nCK+PL 

 

- 

tCKE(min 

)+   
1nCK+PL 

 

- 

tCKE(min 

)+   
1nCK+PL 

 

- 

tCKE(min 

)+   
1nCK+PL 

 

- 

tCKE(min 

)+   
1nCK+PL 

 

- 

tCKE(min 

)+1nCK+ 
PL 

 

- 

 

nCK 
 

Valid Clock Requirement after 
Self Refresh Entry (SRE) or Pow- 

er-Down Entry (PDE) 

 

tCKSRE 
max(5nC 
K,10ns) 

 

- 
max(5nC 
K,10ns) 

 

- 
max(5nC 
K,10ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 

 

nCK 
 

Valid Clock Requirement after 

Self Refresh Entry (SRE) or Pow- 

er-Down when CA Parity is en- 

abled 

 

tCKS- 

RE_PAR 

max 
(5nCK,10 

ns)+PL 

 

- 

max 
(5nCK,10 

ns)+PL 

 

- 

max 
(5nCK,10 

ns)+PL 

 

- 

max 
(5nCK,10 

ns)+PL 

 

- 

max 
(5nCK,10 

ns)+PL 

 

- 

max 
(5nCK,10 

ns)+PL 

 

- 

max 
(5nCK,10 

ns)+ PL 

 

- 

 

nCK 
 

Valid Clock Requirement before 
Self Refresh Exit (SRX) or Pow- 

er-Down Exit (PDX) or Reset Exit 

 

tCKSRX 
max(5nC 
K,10ns) 

 

- 
max(5nC 
K,10ns) 

 

- 
max(5nC 
K,10ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 
max 

(5nCK,10 

ns) 

 

- 

 

nCK 
 

Power Down Timing 

Exit Power Down with DLL on to 

any valid command; Exit Pre- 

charge Power Down with DLL fro- 

zen to commands not requiring a 

locked DLL 

 

 

tXP 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

max 
(4nCK,6n 

s) 

 

 

- 

 

 

nCK 

 

 

CKE minimum pulse width 

 

tCKE 

max 
(3nCK, 

5ns) 

 

- 

max 
(3nCK, 

5ns) 

 

- 

max 
(3nCK, 

5ns) 

 

- 

max 
(3nCK, 

5ns) 

 

- 

max 
(3nCK, 

5ns) 

 

- 

max 
(3nCK, 

5ns) 

 

- 

max 
(3nCK, 

5ns) 

 

- 

 

nCK 

 

31,32 

Command pass disable delay tCPDED 4 - 4 - 4 - 4 - 4 - 4 - 4 - nCK  
Power Down Entry to Exit Timing tPD 

tCKE(min 

) 
9*tREFI 

tCKE(min 

) 
9*tREFI 

tCKE(min 

) 
9*tREFI 

tCKE(min 

) 
9*tREFI 

tCKE(min 

) 
9*tREFI 

tCKE(min 

) 
9*tREFI 

tCKE(min 

) 
9*tREFI nCK 6 

Timing of ACT command to Pow- 
er Down entry 

tACTPDEN 1 - 1 - 2 - 2 - 2 - 2 - 2 - nCK 7 

Timing of PRE or PREA com- 
mand to Power Down entry 

tPRPDEN 1 - 1 - 2 - 2 - 2 - 2 - 2 - nCK 7 

Timing of RD/RDA command to 
Power Down entry 

tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - nCK  

Timing of WR command to Power 
Down entry (BL8OTF, BL8MRS, 

BC4OTF) 

 

tWRPDEN 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

WL+4+(t 

WR/ 
tCK(avg)) 

 

- 

 

nCK 

 

4 

Timing of WRA command to Pow- 

er Down entry (BL8OTF, 

BL8MRS, BC4OTF) 

 

tWRAPDEN 
WL+4+W 

R+1 

 

- 
WL+4+W 

R+1 

 

- 
WL+4+W 

R+1 

 

- 
WL+4+W 

R+1 

 

- 
WL+4+W 

R+1 

 

- 
WL+4+W 

R+1 

 

- 
WL+4+W 

R+1 

 

- 

 

nCK 

 

5 

Timing of WR command to Power 
Down entry (BC4MRS) 

tWRP- 
BC4DEN 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

WL+2+(t 

WR/ 

tCK(avg)) 

 

- 

 

nCK 

 

4 

Timing of WRA command to Pow- 
er Down entry (BC4MRS) 

tWRAP- 
BC4DEN 

WL+2+W 
R+1 

- 
WL+2+W 

R+1 
- 

WL+2+W 
R+1 

- 
WL+2+W 

R+1 
- 

WL+2+W 
R+1 

- 
WL+2+W 

R+1 
- 

WL+2+W 
R+1 

- nCK 5 

Timing of REF command to Pow- 
er Down entry 

tREFPDEN 1 - 1 - 2 - 2 - 2 - 2 - 2 - nCK 7 

Timing of MRS command to Pow- 
er Down entry 

tMRSPDEN 
tMOD(mi 

n) 
- 

tMOD(mi 
n) 

- 
tMOD(mi 

n) 
- 

tMOD(mi 
n) 

- 
tMOD(mi 

n) 
- 

tMOD(mi 
n) 

- 
tMOD(mi 

n) 
-   

PDA Timing 

Mode Register Set command cy- 

cle time in PDA mode 
tMRD_PDA 

max(16n 

CK,10ns) 
- 

max(16n 

CK,10ns) 
- 

max(16n 

CK,10ns) 
- 

max(16n 

CK,10ns) 
- 

max(16n 

CK,10ns) 
- 

max(16n 

CK,10ns) 
- 

max(16n 

CK, 10ns) 
- nCK  
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200  

Units 
 

NOTE 
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Mode Register Set command up- 
date delay in PDA mode 

tMOD_PDA tMOD tMOD tMOD tMOD tMOD tMOD tMOD   

ODT Timing 

Asynchronous RTT turn-on delay 

(Power-Down with DLL frozen) 
tAONAS 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 ns  

Asynchronous RTT turn-off delay 

(Power-Down with DLL frozen) 
tAOFAS 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 1.0 9.0 ns  

RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 0.28 0.72 0.26 0.74 0.26 0.74 tCK(avg)  
Write Leveling Timing 

First DQS_t/DQS_c rising edge 
after write leveling mode is pro- 
grammed 

 

tWLMRD 

 

40 

 

- 

 

40 

 

- 

 

40 

 

- 

 

40 

 

- 

 

40 

 

- 

 

40 

 

- 

 

40 

 

- 

 

nCK 

 

12 

DQS_t/DQS_c delay after write 
leveling mode is programmed 

tWLDQSEN 25 - 25 - 25 - 25 - 25 - 25 - 25 - nCK 12 

Write leveling setup time from ris- 

ing CK_t, CK_c crossing to rising 

DQS_t/DQS_c crossing 

 

tWLS 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

tCK(avg)  

Write leveling hold time from ris- 

ing DQS_t/DQS_c crossing to ris- 

ing CK_t, CK_c crossing 

 

tWLH 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

0.13 

 

- 

 

tCK(avg) 
 

Write leveling output delay tWLO 0 9.5 0 9.5 0 9.5 0 9.5 0 9.5 0 9.5 0 9.5 ns  
Write leveling output error tWLOE 0 2 0 2 0 2 0 2 0 2 0 2 0 2 ns  
CA Parity Timing 

Commands not guaranteed to be 
executed during this time 

tPAR_UN- 
KNOWN 

- PL - PL - PL - PL - PL - PL - PL   

Delay from errant command to 
ALERT_n assertion 

tPAR_ALER 
T_ON 

- PL+6ns - PL+6ns - PL+6ns - PL+6ns - PL+6ns - PL+6ns - PL+6ns   

Pulse width of ALERT_n signal 
when asserted 

tPAR_ALER 
T_PW 

48 96 56 112 64 128 72 144 80 160 88 176 96 192 nCK  

Time from when Alert is asserted 

till controller must start providing 

DES commands in Persistent CA 

parity mode 

 

tPAR_ALER 
T_RSP 

 

- 

 

43 

 

- 

 

50 

 

- 

 

57 

 

- 

 

64 

 

- 

 

71 

 

- 

 

78 

 

- 

 

85 

 

nCK 
 

Parity Latency PL 4 4 4 5 5 6 6 nCK  
CRC Error Reporting 

CRC error to ALERT_n latency 
tCRC_ALE 

RT 
3 13 3 13 3 13 3 13 3 13 3 13 3 13 ns  

CRC ALERT_n pulse width 
CRC_ALER 

T_PW 
6 10 6 10 6 10 6 10 6 10 6 10 6 10 nCK  

Geardown timing 

Exit RESET from CKE HIGH to a 

valid MRS geardown (T2/Reset) 

tX- 

PR_GEAR 
- - - - - - - - tXPR - tXPR - tXPR -   

CKE High Assert to Gear Down 

Enable time(T2/CKE) 
tXS_GEAR - - - - - - - - tXS - tXS - tXS -   

MRS command to Sync pulse 

time(T3) 

tSYNC_- 

GEA R 
- - - - - - - - 

tMOD + 

4nCK 
- 

tMOD + 

4nCK 
- 

tMOD + 

4nCK 
-  27 

Sync pulse to First valid com- 
mand(T4) 

tCM- 
D_GEAR 

- - - - - - - - tMOD - tMOD - tMOD -  27 

Geardown setup time 
tGEAR_set- 

up 
- - - - - - - - 2 - 2 - 2 - nCK  

Geardown hold time tGEAR_hold - - - - - - - - 2 - 2 - 2 - nCK  
tREFI 

tRFC1 (min) 16Gb 550 - 550 - 550 - 550 - 550 - 550 - 550 - ns 34 

tRFC2 (min) 16Gb 350 - 350 - 350 - 350 - 350 - 350 - 350 - ns 34 

tRFC4 (min) 16Gb 260 - 260 - 260 - 260 - 260 - 260 - 260 - ns 34 
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NOTE : 
1) Start of internal write transaction is defined as follows : 

For BL8 (Fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL. 
For BC4 (on-the-fly) : Rising clock edge 4 clock cycles after WL. 
For BC4 (fixed by MRS) : Rising clock edge 2 clock cycles after WL. 

2) A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled 
3) Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands. 
4) tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK following rounding algorithm defined in "17.1 Rounding Algorithms". 
5) WR in clock cycles as programmed in MR0. 
6) tREFI depends on TOPER. 
7) CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress, but power-down IDD spec will not be 

applied until finishing those operations. 
8) For these parameters, the DDR4 SDRAM device supports tnPARAM[nCK]=RU{tPARAM[ns]/tCK(avg)[ns]}, which is in clock cycles assuming all input clock jitter specifica- 

tions are satisfied. 
9) When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR. 
10) When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S. 
11) When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L. 
12) The max values are system dependent. 
13) DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER. 
14) The deterministic component of the total timing. 
15) DQ to DQ static offset relative to strobe per group. 
16) This parameter will be characterized and guaranteed by design. 
17) When the device is operated with the input clock jitter, this parameter needs to be derated by the actual tjit(per)_total of the input clock. (output deratings are relative to the 

SDRAM input clock). 
18) DRAM DBI mode is off. 
19) DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only. 
20) tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising edge 
21) tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising edge 
22) There is no maximum cycle time limit besides the need to satisfy the refresh interval tREFI 
23) tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge 
24) tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge 
25) Total jitter includes the sum of deterministic and random jitter terms for a specified BER. 
26) The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design. 
27) This parameter has to be even number of clocks 
28) When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR. 
29) When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S. 
30) When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L. 
31) After CKE is registered LOW, CKE signal level shall be maintained below VILDC for tCKE specification (Low pulse width). 
32) After CKE is registered HIGH, CKE signal level shall be maintained above VIHDC for tCKE specification (HIGH pulse width). 
33) Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function. 
34) Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables. 
35) This parameter must keep consistency with Speed-Bin Tables shown in section 10. 
36) DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate. UI=tCK(avg).min/2. 
37) applied when DRAM is in DLL ON mode. 
38) Assume no jitter on input clock signals to the DRAM. 
39) Value is only valid for RONNOM = 34 ohms. 
40) 1tCK toggle mode with setting MR4:A11 to 0. 
41) 2tCK toggle mode with setting MR4:A11 to 1, which is valid for DDR4-2400/2666/2933 and 3200 speed grade. 
42) 1tCK mode with setting MR4:A12 to 0. 
43) 2tCK mode with setting MR4:A12 to 1, which is valid for DDR4-2400/2666/2933 and 3200 speed grade. 
44) The maximum read preamble is bounded by tLZ(DQS)min on the left side and tDQSCK(max) on the right side. See Figure “Clock to Data Strobe Relationship” in Operation 

datasheet. Boundary of DQS Low-Z occur one cycle earlier in 2tCK toggle mode which is illustrated in “Read Preamble” section. 
45) DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS diff-signal cross-point 
46) last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferring from Low to High 
47) VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to capture DQ0 or DQL0 low level for entering PDA mode. 
48) The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZ(DQS)max on the right side. See Figure “Clock to Data Strobe Relation- 

ship” in Operation datasheet. 
49) Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be approximately 0.7 * VDDQ as a center level of the 

static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and an effective test load of 50 ohms to VTT = VDDQ. 
50) For MR7 commands, the minimum delay to a subsequent non-MRS command is 5nCK. 
51) tMPX_LH(max) is defined with respect to actual tXMP in system as opposed to tXMP(min). 
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17.1 Rounding Algorithms 

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources. For example, a system may use a memory 

clock with a nominal frequency of 933.33... MHz, or a clock period of 1.0714... ns. Similarly, a system with a memory clock frequency of 1066.66... MHz 

yields mathematically a clock period of 0.9375... ns. In most cases, it is impossible to express all digits after the decimal point exactly, and rounding must 

be done because the DDR4 SDRAM specification establishes a minimum granularity for timing parameters of 1 ps. 

 
Rules for rounding must be defined to allow optimization of device performance without violating device parameters. These algorithms rely on results that 

are within correction factors on device testing and specification to avoid losing performance due to rounding errors. 

 
These rules are: 

• Clock periods such as tCKAVGmin are defined to 1 ps of accuracy; for example, 0.9375... ns is defined as 937 ps and 1.0714... ns is defined as 1071 

ps. 

• Using real math, parameters like tAAmin, tRCDmin, etc. which are programmed in systems in numbers of clocks (nCK) but expressed in units of time (in 

ns) are divided by the clock period (in ns) yielding a unitless ratio, a correction factor of 2.5% is subtracted, then the result is set to the next higher inte- 

ger number of clocks: 

 
nCK = ceiling [(parameter_in_ns / application_tCK_in_ns) - 0.025] 

• Alternatively, programmers may prefer to use integer math instead of real math by expressing timing in ps, scaling the desired parameter value by 1000, 

dividing by the application clock period, adding an inverse correction factor of 97.4%, dividing the result by 1000, then truncating down to the next lower 

integer value: 

 
nCK = truncate [{(parameter_in_ps x 1000) / (application_tCK_in_ps) + 974} / 1000] 

 
• Either algorithm yields identical results. In case of conflict between results, the preferred algorithm is the integer math algorithm. 

• This algorithm applies to all timing parameters documented in a Serial Presence Detect(SPD) when converting from ns to nCK. Other timing parame- 

ters may use a simpler algorithm nCK = ceiling (parameter_in_ns ÷ application_tCK_in_ns). 
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17.2 The DQ input receiver compliance mask for voltage and timing 

The DQ input receiver compliance mask for voltage and timing is shown in the figure below. The receiver mask (Rx Mask) defines area the input signal 

must not encroach in order for the DRAM input receiver to be expected to be able to successfully capture a valid input signal with BER of 1e-16; any input 

signal encroaching within the Rx Mask is subject to being invalid data. The Rx Mask is the receiver property for each DQ input pin and it is not the valid 

data-eye. 

 

 

Figure 24. DQ Receiver(Rx) compliance mask 

 
 
 

 

Figure 25. Vcent_DQ Variation to Vcent_DQ(midpoint) 

 
The Vref_DQ voltage is an internal reference voltage level that shall be set to the properly trained setting, which is generally Vcent_DQ(midpoint), in order 

to have valid Rx Mask values. 

Vcent_DQ is defined as the midpoint between the largest Vref_DQ voltage level and the smallest Vref_DQ voltage level across all DQ pins for a given 

DDR4 DRAM component. Each DQ pin Vref level is defined by the center, i.e. widest opening, of the cumulative data input eye as depicted in Figure 25. 

This clarifies that any DDR4 DRAM component level variation must be accounted for within the DDR4 DRAM Rx mask.The component level Vref will be 

set by the system to account for Ron and ODT settings. 
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Figure 26. DQS to DQ and DQ to DQ Timings at DRAM Balls 

 
All of the timing terms in Figure 26 are measured at the VdIVW voltage levels centered around Vcent_DQ and are referenced to the DQS_t/DQS_c center 

aligned to the DQ per pin. 
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The rising edge slew rates are defined by srr1 and srr2. The slew rate measurement points for a rising edge are shown in Figure 27 below: A low to high 

transition tr1 is measured from 0.5*VdiVW(max) below Vcent_DQ(midpoint) to the last transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) 

while tr2 is measured from the last transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the first transition through the 0.5*VIHL_AC(min) 

above Vcent_DQ(midpoint). 

 
Rising edge slew rate equations: 

srr1 = VdIVW(max) / tr1 

srr2 = (VIHL_AC(min) – VdIVW(max)) / (2*tr2) 

Figure 27. Slew Rate Conditions For Rising Transition 

 

The falling edge slew rates are defined by srf1 and srf2. The slew rate measurement points for a falling edge are shown in Figure 28 below: A high to low 

transition tf1 is measured from 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the last transition through 0.5*VdiVW(max) below Vcent_DQ(midpoint) 

while tf2 is measured from the last transition through 0.5*VdiVW(max) below Vcent_DQ(midpoint) to the first transition through the 0.5*VIHL_AC(min) 

below Vcent_DQ(pin mid). 

 
Falling edge slew rate equations: 

srf1 = VdIVW(max) / tf1 

srf2 = (VIHL_AC(min) – VdIVW(max)) / (2*tf2) 

 

 
Figure 28. Slew Rate Conditions For Falling Transition 
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[Table 58] DRAM DQs In Receive Mode; 
 

Symbol Parameter 
1600/1866/2133 2400 2666 2933 3200 

Unit NOTE 
min max min max min max min max min max 

VdIVW Rx Mask voltage - pk-pk - 136 - 130 - 120 - 115 - 110 mV 1,2,10 

TdIVW Rx timing window - 0.2 - 0.2 - 0.22 - 0.23 - 0.23 UI* 1,2,10 

VIHL_AC DQ AC input swing pk-pk 186 - 160 - 150 - 145 - 140 - mV 3,4,10 

TdIPW DQ input pulse width 0.58 - 0.58 - 0.58 - 0.58 - 0.58 - UI* 5,10 

tDQS2DQ Rx Mask DQS to DQ offset -0.17 0.17 -0.17 0.17 -0.19 0.19 -0.22 0.22 -0.22 0.22 UI* 6, 10 

tDQ2DQ Rx Mask DQ to DQ offset - 0.1 - 0.1 - 0.105 - 0.115 - 0.125 UI* 7 

 

srr1, srf1 

Input Slew Rate over VdIVW 

if tCK >=0.937ns 
1.0 9 1.0 9 1.0 9 1.0 9 1.0 9 V/ns 8,10 

Input Slew Rate over VdIVW 

if 0.937ns > tCK >= 0.625ns 
- - 1.25 9 1.25 9 1.25 9 1.25 9 V/ns 8,10 

srr2 
Rising Input Slew Rate 

over 1/2 VIHL_AC 

0.2*srr 

1 
9 

0.2*srr 

1 
9 

0.2*srr 

1 
9 

0.2*srr 

1 
9 

0.2*srr 

1 
9 V/ns 9,10 

srf2 
Falling Input Slew Rate 

over 1/2 VIHL_AC 

0.2*srf 

1 
9 

0.2*srf 

1 
9 

0.2*srr 

1 
9 

0.2*srr 

1 
9 

0.2*srr 

1 
9 V/ns 9,10 

 
NOTE : 

* UI=tck(avg)min/2 

1) Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(midpoint) after VrefDQ training is completed. The data Rx mask is 
applied per bit and should include voltage and temperature drift terms. The input buffer design specification is to achieve at least a BER = e-16 when the RxMask is not 
violated. . 

2) Defined over the DQ internal Vref range 1. 

3) See Overshoot and Undershoot Specifications. 

4) DQ input pulse signal swing into the receiver must meet or exceed VIHL AC(min). VIHL_AC(min) is to be achieved on an UI basis when a rising and falling edge occur in the 
same UI, i.e. a valid TdiPW. 

5) DQ minimum input pulse width defined at the Vcent_DQ(midpoint). 

6) DQS to DQ offset is skew between DQS and DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls over process, voltage, and temperature. 

7) DQ to DQ offset is skew between DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls for a given component over process, voltage, and temperature. 

8) Input slew rate over VdIVW Mask centered at Vcent_DQ(midpoint). Slowest DQ slew rate to fastest DQ slew rate per transition edge must be within 1.7 V/ns of each other. 

9) Input slew rate between VdIVW Mask edge and VIHL_AC(min) points. 

10) All Rx Mask specifications must be satisfied for each UI. For example, if the minimum input pulse width is violated when satisfying TdiVW(min), VdiVW(max), and minimum 
slew rate limits, then either TdiVW(min) or minimum slew rates would have to be increased to the point where the minimum input pulse width would no longer be violated. 
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17.3 Command, Control, and Address Setup, Hold, and Derating 

The total tIS (setup time) and tIH (hold time) required is calculated to account for slew rate variation by adding the data sheet tIS (base) values, the 

VIL(AC)/VIH(AC) points, and tIH (base) values, the VIL(DC)/VIH(DC) points; to the ΔtIS and ΔtIH derating values, respectively. The base values are 

derived with single-end signals at 1V/ns and differential clock at 2V/ns. Example: tIS (total setup time) = tIS (base) + ΔtIS. 
For a valid transition, the input signal has to remain above/below VIH(AC)/VIL(AC) for the time defined by tVAC. 

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not have reached VIH(AC)/ VIL(AC) at the time of 

the rising clock transition), a valid input signal is still required to complete the transition and to reach VIH(AC)/ VIL(AC). For slew rates that fall between 

the values listed in derating tables, the derating values may be obtained by linear interpolation. 

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(DC)max and the first crossing of VIH(AC)min 

that does not ring back below VIH(DC)min. Setup (tIS) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of 

VIH(DC)min and the first crossing of VIL(AC)max that does not ring back above VIL(DC)max. Hold (tIH) nominal slew rate for a rising signal is defined as 

the slew rate between the last crossing of VIL(DC)max and the first crossing of VIH(AC)min that does not ring back below VIH(DC)min. Hold (tIH) nominal 

slew rate for a falling signal is defined as the slew rate between the last crossing of VIH(DC)min and the first crossing of VIL(AC)minthat does not ring 

back above VIL(DC)max. 
 

[Table 59] Command, Address, Control Setup and Hold Values 
 

DDR4 1600 1866 2133 2400 2666 2933 3200 Unit Reference 

tIS(base, AC100) 115 100 80 62 - - - ps VIH/L(ac) 

tIH(base, DC75) 140 125 105 87 - - - ps VIH/L(dc) 

tIS(base, AC 90) - - - - 55 48 40 ps VIH/L(ac) 

tIH(base, DC 65) - - - - 80 73 65 ps VIH/L(dc) 

tIS/tIH @ VREF 215 200 180 162 145 138 130 ps  
NOTE : 
1) Base ac/dc referenced for 1V/ns slew rate and 2 V/ns clock slew rate. 
2) Values listed are referenced only; applicable limits are defined elsewhere. 

 
 

[Table 60] Command, Address, Control Input Voltage Values 
 

DDR4 1600 1866 2133 2400 2666 2933 3200 Unit Reference 

VIH.CA(AC)min 100 100 100 100 90 90 90 mV VIH/L(ac) 

VIH.CA(DC)min 75 75 75 75 65 65 65 mV VIH/L(dc) 

VIL.CA(DC)max -75 -75 -75 -75 -65 -65 -65 mV VIH/L(dc) 

VIL.CA(AC)max -100 -100 -100 -100 -90 -90 -90 mV VIH/L(ac) 

NOTE : 

1) Command, Address, Control input levels relative to VREFCA. 

2) Values listed are referenced only; applicable limits are defined elsewhere. 
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[Table 61] Derating values DDR4-1600/1866/2133/2400 tIS/tIH - ac/dc based 
 

ΔtIS, ΔIH derating in [ps] AC/DC based 1)
 

 CK_t, CK_c Differential Slew Rate 

10V/ns 8V/ns 6V/ns 4V/ns 3.0V/ns 2.0V/ns 1.5V/ns 1V/ns 

ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH 

 
 
 
 
 

 
CMD, 

ADDR, 

CNTL 

Input 

Slew 

rate 

V/ns 

7 76 54 76 55 77 56 79 58 82 60 86 64 94 73 111 89 

6 73 53 74 53 75 54 77 56 79 58 83 63 92 71 108 88 

5 70 50 71 51 72 52 74 54 76 56 80 60 88 68 105 85 

4 65 46 66 47 67 48 69 50 71 52 75 56 83 65 100 81 

3 57 40 57 41 58 42 60 44 63 46 67 50 75 58 92 75 

2 40 28 41 28 42 29 44 31 46 33 50 38 58 46 75 63 

1.5 23 15 24 16 25 17 27 19 29 21 33 25 42 33 58 50 

1 -10 -10 -9 -9 -8 -8 -6 -6 -4 -4 0 0 8 8 25 25 

0.9 -17 -14 -16 -14 -15 -13 -13 -10 -11 -8 -7 -4 1 4 18 21 

0.8 -26 -19 -25 -19 -24 -18 -22 -16 -20 -14 -16 -9 -7 -1 9 16 

0.7 -37 -26 -36 -25 -35 -24 -33 -22 -31 -20 -27 -16 -18 -8 -2 9 

0.6 -52 -35 -51 -34 -50 -33 -48 -31 -46 -29 -42 -25 -33 -17 -17 0 

0.5 -73 -48 -72 -47 -71 -46 -69 -44 -67 -42 -63 -38 -54 -29 -38 -13 

0.4 -104 -66 -103 -66 -102 -65 -100 -63 -98 -60 -94 -56 -85 -48 -69 -31 

NOTE : 

1) VIH/L(ac) = +/-100mV, VIH/L(dc) = +/-75mV; relative to VREFCA. 

 
 

[Table 62] Derating values DDR4-2666/3200 tIS/tIH - ac/dc based 
 

ΔtIS, ΔIH derating in [ps] AC/DC based 1)
 

 CK_t, CK_c Differential Slew Rate 

10V/ns 8V/ns 6V/ns 4V/ns 3.0V/ns 2.0V/ns 1.5V/ns 1V/ns 

ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH 

 
 
 
 
 

 
CMD, 

ADDR, 

CNTL 

Input 

Slew 

rate 

V/ns 

7 68 47 69 47 70 48 72 50 73 52 77 56 85 63 100 78 

6 66 45 67 46 68 47 69 49 71 50 75 54 83 62 98 77 

5 63 43 64 44 65 45 66 46 68 48 72 52 80 60 95 75 

4 59 40 59 40 60 41 62 43 64 45 68 49 75 56 90 71 

3 51 34 52 35 53 36 54 38 56 40 60 43 68 51 83 66 

2 36 24 37 24 38 25 39 27 41 29 45 33 53 40 68 55 

1.5 21 13 22 13 23 14 24 16 26 18 30 22 38 29 53 44 

1 -9 -9 -8 -8 -8 -8 -6 -6 -4 -4 0 0 8 8 23 23 

0.9 -15 -13 -15 -12 -14 -11 -12 -9 -10 -7 -6 -4 1 4 16 19 

0.8 -23 -17 -23 -17 -22 -16 -20 -14 -18 -12 -14 -8 -7 -1 8 14 

0.7 -34 -23 -33 -22 -32 -21 -30 -20 -28 -18 -25 -14 -17 -6 -2 9 

0.6 -47 -31 -47 -30 -46 -29 -44 -27 -42 -25 -38 -22 -31 -14 -16 1 

0.5 -67 -42 -66 -41 -65 -40 -63 -38 -61 -36 -58 -33 -50 -25 -35 -10 

0.4 -95 -58 -95 -57 -94 -56 -92 -54 -90 -53 -86 -49 -79 -41 -64 -26 

NOTE : 

1) VIH/L(ac) = +/-90 mV, VIH/L(dc) = +/- 65 mV; relative to VREFCA 
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17.4 DDR4 Function Matrix 
DDR4 SDRAM has several features supported by ORG and also by Speed. The following Table is the summary of the features. 

 

[Table 63] Function Matrix (By ORG. V:Supported, Blank:Not supported) 

Functions x4 x8 NOTE 

Write Leveling V V  
Temperature controlled Refresh V V  
Low Power Auto Self Refresh V V  
Fine Granularity Refresh V V  
Multi Purpose Register V V  
Data Mask  V  
Data Bus Inversion  V  
TDQS  V  
ZQ calibration V V  
DQ Vref Training V V  
Per DRAM Addressability V V  
Mode Register Readout V V  
CAL V V  
WRITE CRC V V  
CA Parity V V  
Control Gear Down Mode V V  
Programmable Preamble V V  
Maximum Power Down Mode V V  
Additive Latency V V  

 
[Table 64] Function Matrix (By Speed. V:Supported, Blank:Not supported) 

 
Functions 

DLL Off mode DLL On mode  
NOTE 

equal or slower 
than 250Mbps 

1600/1866/2133 
Mbps 

2400Mbps 2666/3200Mbps 

Write Leveling V V V V  
Temperature controlled Refresh V V V V  
Low Power Auto Self Refresh V V V V  
Fine Granularity Refresh V V V V  
Multi Purpose Register V V V V  
Data Mask V V V V  
Data Bus Inversion V V V V  
TDQS  V V V  
ZQ calibration V V V V  
DQ Vref Training V V V V  
Per DRAM Addressability  V V V  
Mode Register Readout V V V V  
CAL  V V V  
WRITE CRC  V V V  
CA Parity  V V V  
Control Gear Down Mode    V  
Programmable Preamble (= 2tCK)   V V  
Maximum Power Down Mode  V V V  
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18. PHYSICAL DIMENSIONS 
 

18.1 2Gx8 based 2Gx64 Module (1 Rank) - SMS4WEC8C2J2446SAG 
 

 

 

 
The used device is 2G x8 DDR4 SDRAM, Flip-Chip. 

DDR4 SDRAM Part NO: SDQAAG6W08XCWE7N9T 

 
NOTE : 

1) Tolerances on all dimensions ±0.15 unless otherwise specified. 
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Industry  

Product Name 

Title First Line 
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Product Brief 
Intel® Wireless-AC 9462 
1st Generation Integrated1 Intel Wireless 802.11ac, Dual Band, 1x1 Wi-Fi + Bluetooth® 5.1, Diversity Antenna 

Intel® Wireless-AC 9462 Module 

Integrated1 Wi-Fi and Bluetooth®. Optimized Solution for System Design. 

Intel® Wireless-AC 9462 adapter is a CRF 2  
(Companion RF module) 

supporting the first-generation integrated Intel wireless 802.11ac solution 

comprised of CNVi3 
and a CRF. The solution provides Bluetooth® 5.1 and 1x1 

802.11ac Wi-Fi, including wave 2 features such as downlink MU-MIMO. It 

offers enhanced features such as antenna diversity, and is more cost-

effective than the previous-gen Intel 802.11ac 1x1 products. Combined with 

Intel® Core™ processors and exceptional Intel wireless innovations, the Intel 

Wireless-AC 9462 dramatically improves your connected experience at 

home, work, or on the go. 

1st Generation Integrated 802.11AC Wireless 

Faster Speed 

Better Coverage 

Larger Capacity 

802.11ac, 1x1, Dual Band, 

80MHz, MU-MIMO 

Delivers up to 3x faster Wi-Fi speed (up to 433 Mbps) than 1x1 802.11n, with up to 3x bandwidth 

for more users and devices.4 Advanced optional 802.11ac specification features and improved RF 

KPIs that enhance channel reliability and Wi-Fi performance result in better coverage and user 

experience. Intel® Wireless-AC 9462 enables smooth streaming of high-resolution videos, fewer 

dropped connections and less congestion, and fast speeds farther away from the router. 

Downlink MU-MIMO allows an access point to simultaneously transmit data to multiple clients 

and can improve overall downlink network capacity potentially by over 3x5 

Bluetooth® 5.1 Bluetooth® 5.1 provides 4x6 range over Bluetooth® 4.2 with the same power, enabling coverage 

throughout the home. Bluetooth® 5.1 also doubles the transmit speed for faster transmissions, 

thereby reducing the overall power6. Bluetooth® 5.1 also adds new enhanced data broadcasting 

enabling seamless services such as location- based services and simpler pairing for Bluetooth® 

wireless technology enabled products. 

Antenna Diversity The Intel® Wireless-AC 9462 adapter can be used in dual antenna platforms and provides 

antenna diversity support. This means the adapter dynamically chooses the better antenna to 

connect to and provides a robust connection for the platform. 

Microsoft* Windows* Full support for the latest Microsoft* Windows 10, Windows 11* OS. 

Form Factors 

(M.2 2230 and 1216) 

M.2 2230 modules enable system configuration and platform usage flexibility with the use of a

standard Key E socket for attaching the module.

M.2 1216 modules enable platform design optimization with the use of an Intel® CNVi interface

between the integrated MAC and integrated Intel® Wireless-AC 9462 module, providing savings

on motherboard space, BOM, PCIe and DP lanes, plus allowing for flexible motherboard routing

up to 10".
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Experience the Intel® Difference 

Worldwide Regulatory Support 

Intel® Dynamic Regulatory 

Solution 

Enables worldwide regulatory compliance on a single adapter SKU. The Intel® Wireless-AC 9462 

detects its location and automatically optimizes the Wi-Fi settings to local regulatory requirements, 

maximizing performance in each geography and simplifying travel experience and global enterprise 

procurement. Future regulatory changes are easily managed during the product life cycle. 

Wireless Functionality in 

Pre-boot Environment 

Support for Wi-Fi network and Bluetooth® Low Energy Human Interface Device (HID) connectivity in 

the platform’s Unified Extensible Firmware Interface (UEFI) environment during its boot stage. This 

capability enables use cases like OS recovery over Wi-Fi and Bluetooth® Low Energy-based 

keyboard and mouse connectivity in this pre-boot environment. 

Wirelessly Project to the 

Big Screen 

Watch your 2-in-1 or laptop content instantly without wires on the big HD screen with stunning 

image clarity and sound using Wi-Fi Miracast*. Stream movies, videos, games, photos, connect with 

friends, and more—experience it all, bigger and better than ever. 

Intel® Wireless-AC 9260 Module Technical Specifications 

GENERAL 

Dimensions (H x W x D) M.2 2230: 22 mm x 30 mm x 2.4 mm [1.5mm Max (Top Side)/0.1mm Max (Bottom Side)]

M.2 1216: 12 mm x 16 mm x 1.57 (+-0.08) mm

Weight M.2 2230: 2.70g

M.2 1216: 0.7g 

Antenna Diversity Supported 

Radio ON/OFF Control Supported 

Connector Interface M.2: CNVio 

Operating Temperature 

(Adapter Shield) 

0°C to +80°C 

Humidity Non-Operating 50% to 90% RH noncondensing (at temperatures of 25°C to 35°C) 

Operating Systems Microsoft* Windows 11*, Microsoft* Windows 10*, Linux* (limited feature support) 

Wi-Fi Alliance Wi-Fi CERTIFIED* a/b/g/n/ac with wave 2 features, WMM*, WMM-PS*, WPA2*, WPA3*, WPS2*, 

Protected Management Frames, and Wi-Fi Direct* (For Microsoft Windows* only) 

IEEE WLAN Standard IEEE 802.11a/b/g/n/ac, 802.11d, 802.11e, 802.11h, 802.11i, 802.11w; 802.11r, 

802.11k, 802.11v pending OS support; Fine Timing Measurement based on 802.11REVmc 

Roaming7 Supports seamless roaming between access points 

Bluetooth® Bluetooth® 5.1 

SECURITY FEATURES8 

Authentication WPA2* and WPA3*, 802.1X (EAP-TLS, TTLS, PEAP, EAP-SIM, EAP-AKA, EAP-AKA’) 

Authentication Protocols PAP, CHAP, TLS, MS-CHAP*, MS-CHAPv2 

Encryption 128-bit AES-CCMP, 256-bit AES-GCMP

Wi-Fi Direct* Encryption and 

Authentication 

WPA2-PSK, AES-CCMP 

COMPLIANCE 

Regulatory For a list of country approvals, please contact your local Intel representatives. 

US Government FIPS9 , FISMA 

Product Safety UL, C-UL, CB (IEC 60950-1) 
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Product Name Model Number Version 

Intel® Wireless-AC 9462 9462NGW 802.11ac wave2, 1x1, Bluetooth® 5.1, PCIe, USB, M.2 2230, Diversity Antenna 

9462D2W 802.11ac wave2, 1x1, Bluetooth® 5.1, PCIe, USB, M.2 1216, Diversity Antenna 

For more information on Intel® Wireless products, visit intel.com/wireless 

1  Integrated: Solution comprised of CNVi and a CRF. 
2  CRF: Companion RF module in M.2 form factor supporting integrated solution. 
3  CNVi: Refers to the integrated wireless IP portion residing in the SOC/PCH. 
4  Compared to 802.11n 40MHz channels, 802.11ac 80MHz provides 3x more bandwidth per stream (Max data rate for 802.11n 40MHz channels is 

150 Mbps; Max data rate for 802.11ac 80Mhz channels is 433 Mbps). 
5  802.11ac downlink MU-MIMO technology allows concurrently serving multiple devices simultaneously, in turn increasing network capacity 

potentially by over 3x while improving per-user throughput based on industry standards. 
6  Bluetooth® 5.1 Feature Overview, https://3pl46c46ctx02p7rzdsvsg21-wpengine.netdna-ssl.com/wp-

content/uploads/2019/03/1901_Feature_Overview_Brief_FINAL.pdf 
7  Roaming is supported only within each respective band and mode of access points. 
8  Some security solutions may not be supported by your device operating system and/or by your device manufacturer. Check with your device 

manufacturer for details on availability. 
9  On Microsoft* Windows*. 

The Bluetooth® word mark and logos are registered trademarks owned by the Bluetooth SIG, Inc. and any use of such marks by Intel Corporation is 

under license. 

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect 

actual performance. Consult other sources of information to evaluate performance as you consider your purchase. For more complete information 

about performance and benchmark results, visit www.intel.com/benchmarks. 

Estimated results were obtained prior to implementation of recent software patches and firmware updates intended to address exploits referred to as 

"Spectre" and "Meltdown". Implementation of these updates may make these results inapplicable to your device or system. 

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document. 

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of merchantability, fitness for a particular 

purpose, and non-infringement, as well as any warranty arising from course of performance, course of dealing, or usage in trade. Intel may make 

changes to specifications and product descriptions at any time, without notice. For the most current product information, please visit 

http://www.intel.com/wireless. 

Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, 

may affect future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction. 

This device has not been authorized as required by the rules of the Federal Communications Commission. This device is not, and may not be, offered 

for sale or lease, or sold or leased, until authorization is obtained. 

Intel, the Intel logo, are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. 

* Other names and brands may be claimed as the property of others.

Copyright © Intel Corporation. All rights reserved. 
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General Description 
To replace the SATA SSD, look no further than the SM2P32A8 PCIe Gen3x4 M.2 2280 
SSD. Supporting NVMe 1.3, equipped with 3D NAND Flash TLC, and coming with up to 
1TB capacity, the SM2P32A8 is a great upgrade choice.  

Featuring HMB (Host Memory Buffer) and SLC Caching, the SM2P32A8 accelerates 
read/write speeds up to 3400/2100MB/s and delivers random performance of up to 
100K/190K IOPS.  
Whether booting, gaming or transferring large files, the SM2P32A8 accomplish them 
quickly and effectively.  

The SM2P32A8 utilizes LDPC (Low-Density Parity-Check) error correcting code 
technology to detect and fix a wider range of data errors for more reliable data transfers 
and a longer product lifespan. Also, it is suitable for desktop and notebook PCs. As there’s 
no need for cumbersome installation, you can immediately experience the high speed 
and smoothness of a PCIe SSD. 
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Key Features

 Performance:

 Sequential Read: Up to 3400 MB/s

 Sequential Write: Up to 2100 MB/s

 Random 4K Read: Up to 100K IOPS

 Random 4K Write: Up to 190K IOPS

 Power Consumption:

 L0 : 0.55w

 L1 : 0.04w

 L1.2 : 0.0013w

 SR/SW : 1.61w/2.63w

 RR/RW: 1.59w/1.77w

 Temperature:

 Standard: 0°C ~ 70°C

 Non-operation: -40°C ~ 85°C

 Reliability:

 Shock: 1500G/0.5ms

 Vibration 20G Peak, 10~2000Hz

 MTBF: 2,000,000 hours

 Power on/off cycles: 50,000

 Uncorrectable Bit Error Rate(UBER):

10-15

 Endurance:

 TBW: Up to 960TB

 Capacity:

 256GB, 512GB, 1TB

 NAND Flash: 3D NAND

 Class 35 SSD

 Form Factor: M.2 2280 PCIe

 Host Interface:

 PCIe Gen 3 (8Gb/s) x 4 Lane

 Compliant with NVMe 1.3 register 

interface and command set

 Compliant with PCIe Express 3.1

 Flash Management:

 LDPC ECC Engine

 Wear leveling

 Bad block Management

 Garbage collection

 TRIM Command

 SLC Cache Technology

 Security:

 AES 256 supported

 Data Integrity:

 Thermal throttling

 S.M.A.R.T. monitor 
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Product Specifications  

Interface and Configurations 
•Compliant with PCI Express M.2 Specification Revision
•Compliant with NVMe 1.3 register interface and command set.
•Compliant with PCIe Express 3.1

Capacity 

User Addressable Sectors 

Performance 
ATTO Performance 

Table Read/Write Performance (ATTO) 

CDM Performance 

Read/Write Performance (CDM) 
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MALETA

Descrição Maleta/Pasta Slim para notebook, em nylon, com alça de ombro removível

Peso 0,450 kg

Medidas (LxAxP) 5,3 x 33 x 40 cm (aproximadamente)

Características

Compartimento acolchoado com zíper duplo e divisor de documentos

Bolso frontal com zíper que armazena telefone, carregador e outros acessórios

Alça de ombro ajustável e removível

Alça traseira para acoplar malas de mão

Design leve e slim

Compatível com notebooks de até 15,6“

Material impermeável

Alça Carona

Cor Preto

Fabricante Positivo Tecnologia S/A

© 2023 Positivo Tecnologia - Apresentação oficial de produto dirigida ao mercado. Sujeito a alterações sem prévio aviso. Rev. 03

Produzida com um mix de materiais resistentes mantendo a leveza e a praticidade

TSS898
Maleta/Pasta Slim para Notebooks de até 15,6”



It is suitable for all PCS, laptops and some stands with universal cable lock keyhole. This Universal 

Security Cable lock has a loop-ended cable made of galvanized steel. Simply tether the cable lock to a 

secure and stationary object, like a desk or table.

Features:

1.  Keyed T-Bar Lock Design.

2.  Compatible with Kensington standard.

3.  Galvanized Steel Cable.

4.  2meters.

5.  Cable thickness 4mm.

6.  Loop Ended Cable for "Anywhere" Tethering.

7.  Comes with 2 lock keys.

8.  Option of keys with different secrets.

Universal Security Keyed Cable Lock
TS-CL01

Product Data Sheet



Universal Security Keyed Cable Lock
TS-CL01

Product Data Sheet

Item 

Number
TS-CL01

Technical Specifications

Product 

Dimensions

Total length 2 meters

Cable diameter 4mm

Inner wire diameter 3mm

Lock head 28.5*28.5*20mm

Product 

Material

Lock head Zinc alloy and Steel

Cable inner wire Steel

Cable outer PVC

Key ABS & Zinc alloy

Certificate Rohs

Country 

of Origin
China



MONITOR

Versátil com resposta rápida e precisa, funciona sobre qualquer superfície

Ótico (LED) / 1.000 dpi / Ambidestro 

Modelo SM-6620

Tipo Ótico (LED)

Interface USB 2.0 Tipo A

Botões
3 botões incluindo botão de rolagem (wheel)
Entrada P2 3.5 mm para acionadores externos (opcional)

Resolução 1.000 dpi

Força Operacional
Botões (esquerda/direita): 75+25 gf
Botão whell: 180+50 gf

Configuração Ambidestro com pegada Palm

Recursos Plug and Play

Comprimento do cabo 1,8m

Dimensões
Largura de 65mm
Comprimento de 117mm
Altura de 36mm

Peso 90g

Cor Preto

Compatibilidade Windows XP, Vista, 7, 8/8.1, 10, 11 e Linux

Segurança FCC, CE

Norma Compatível com normativa RoHS

Fabricante Positivo Tecnologia S/A

JK-518

 © 2021 Positivo Tecnologia -Apresentação oficial de produto dirigida ao mercado. Alterado em Junho de 2023. Sujeito a alterações sem prévio aviso. Rev. 12
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Fornecedor (Solicitante): 
Supplier (Applicant) 

Positivo Tecnologia S.A. 
Rua Javari, 1255 - Bairro Distrito Industrial - 69075-110 - Manaus – AM – 
Brasil. 

 CNPJ: 81.243.735/0019-77 
 

Fabricante: 
Manufacturer 

Positivo Tecnologia S.A. 
Rua Javari, 1255 - Bairro Distrito Industrial - 69075-110 - Manaus – AM – 
Brasil.  

 CNPJ:  81.243.735/0019-77 
 

Produto: 
Product 

Computador Portátil - Notebook 

Marca: 
Brand 

Positivo  

Modelo:  
Model 

VAIO FE14 
VAIO FE15 
VAIO Pro PW 
VAIO Pro PX 
VAIO FH15 
 

Família:  
Family  

Computador Portátil - Notebook 

Descrição:  
Description  

Conforme Anexo Relação de Componentes Críticos. 

Código de Barras:  
Barcode  

N/A 



 

 
 
  
 
 

Certificado de Conformidade 
Certificate of Compliance 

 

Nº: OFF 1042-20-10 
 

Data de Emissão: 
Date of Issue 

10/11/2022 Valido até: 
Valid Term 

09/11/2025 

 

Marca concedida 
O uso da marca de Certificação da T&A Brasil é limitado às condições estabelecidas no contrato. A validade deste Certificado está atrelada à realização das avaliações de manutenção e tratamento de 
possíveis não conformidades de acordo com as orientações da T&A Brasil previstas no RAC específico. Para verificação da condição atualizada de regularidade deste Certificado de Conformidade deve 
ser consultado o banco de dados de produtos e serviços certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificação 
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil está limitada aos termos e condições do contrato. A T&A Brasil não assume qualquer responsabilidade, salvo por parte do cliente, de 
acordo com o contrato, por perda, despesa ou dano causado pela utilização deste Certificado e/ou da marca. Apenas o cliente está autorizado a permitir a cópia ou distribuição deste Certificado. Para 
mais informações, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 – Avenida Industrial, 780 – 12º Andar – Sala 1208 – Jardim Park Business – Santo André – CEP 09080-500 – 
Bairro Campestre. 

Certificado de Conformidade válido somente acompanhado das páginas de 1 à 9 

FT&A 022 IT&A 002 Rev.01 Página 2 de 9 

  

Normas/Portarias:  
Standards/Ordinances 

 

 

 

 

Norma/Ordinance Ano de Publicação/ Publication’ Year 

Portaria Inmetro n° 170 10 de abril de 2012 

IEC 60950-1 2013 

CISPR 22 2008 

CISPR 24 2010 

IEC 61000-3-2 2014 

IEC 61000-3-3 2013 

IEC 61000-4-2 2008 

IEC 61000-4-3 2010 

IEC 61000-4-4 2012 

IEC 61000-4-5 2014 

IEC 61000-4-6 2013 

IEC 61000-4-8 2009 

IEC 61000-4-11 2020 
 

Modelo de Certificação: 
Certification model 

Modelo 05 

Data da Auditoria: 
Date of the Audit 

19/05/2022 

Laboratório de Ensaios: 
Testing Laboratory 

Relatório de Ensaios nº: 
Report N° 

Data de Emissão: 
Date of Issue 

CertLab – Laboratório de Ensaios Elétricos e 
Magnéticos. 

CERTLAB-EFE-23248-21-01A-Rev0 18/01/2022 

 
 
Shenzhen LCS Compliance Testing Laboratory Ltd. 

CN22XHDZ 001 07/03/2022 

CN22CF7P 001 24/04/2022 

CN22JM8L 001 06/09/2022 

CN22IRXX 001 06/09/2022 

CN22DTQ7 001 06/09/2022 

 
 
TÜV Rheinland (Shenzhen) Co., Ltd. 

CN21CSF8 001 22/03/2022 

CN214OHZ 001 03/03/2022 

CN22M2EH 001 18/08/2022 

CN222VPM 001 18/08/2022 
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CN22734L 001 18/08/2022 

Instituto de Pesquisas Eldorado – Laboratório de 
Ensaios e Testes 

LET-ENE-RE 2395-11270-01-C - 0100 23/08/2022 

LET-ENE-RE 2395-10963-01-C – 01.00 27/07/2022 

Spectrum Research & Testing Laboratory Inc. LVDA21111005 18/01/2022 

EMCA21111005 18/01/2022 

Pontifícia Universidade Católica do Rio Grande 
do Sul - PUC/RS 

NR ITE045/2022 09/09/2022 

ITE 0051/2022 22/09/2022 

ITE 0036/2023 06/10/2023 

 
Data de Revisão: 
Review date 

Justificativa de Revisão: 
Review reason 

04/10/2023 

Inclusão do modelo VAIO FH15 e Componentes Críticos Bateria NP50BAT-4-54,  
NP50BAT-4-54, NP50BAT-4-54; DC FAN DFS5L32G16486P, DFS5K22115371U, 
DFS5K22305283Q, DFS5K223052831, NB800805HHT4B01F22; LCD NV156FHM-N4K, 
B156HAN02.1, N156HCE-EN1, LM156LF2F, LP156WFG, LQ156M1JW07, ATNA56WR01; 
Placa Mãe CLEVO, VAIO; AC Adapter PA-1151-76CL e PA-1121-76CL; LCD NV156FHM-NX4, 
 NV156FHM-N48, N156HCA-EAB e LP156WFJ-SPB4. 
Atualização do modelo VAIO FE15 e inclusão dos Componentes Críticos DC FAN 
B65D5HC21D8 e Placa Mãe VAIO e BMORN 13ª Geração. 

17/11/2023 
Inclusão dos Componentes Críticos NA850805HHT4B01F22; PA-1121-76 e Relatório de 
Ensaio ITE 0036/2023. 

 
Nota: 
Note 

A validade deste Certificado está atrelada à realização das avaliações de manutenção e tratamento de possíveis não 
conformidades de acordo com as orientações do OAC e previstas no RAC específico da Portaria n° 170 de 2012”. 
Lista de componentes críticos consta no Anexo A, páginas 5 a 9. 
“Certificado de Conformidade válido somente acompanhado de todas as suas páginas”. 

 
 
 
 
 
 

Alex Oliveira 
Gerente Geral 
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Anexo A - Relação de Componentes Críticos 

Componente Fabricante  Modelo Dados Técnicos 

Fonte de 
Alimentação 

VAIO 

ADAPT AC/DC TYPE ENTRADA 100 - 240V 
1,2A. SAIDA 19V 2,1A 

S29A00 

Adapter PA-1650-90 65W 

Adapter PA-1450-36 45W 

Adapter DA-40B19-ECAN 40W 

FRECON Adapter F40-190210SPA 40W 

CHICONY 
AdapterA13-040N3A 40W 

Adapter A12-040N2A - Chicony 40W 

SALCOMP Adapter S29A00P0A 40W 

HUNTKEY Adapter HKA03619021-8L 39,9W 

JUKE Adapter-190210KV 40W 

VAIO CLARK ADAPT AC/DC TYPE C 65W 3P SHU 65W 

LITEON 

Adapter PA-1450-26BA 45W 

Adapter PA-1650-90 65W 

Adapter PA-1450-36 45W 

Adapter PA-1151-76CL 150W 
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Adapter PA-1121-76xx 
(XX onde pode variar de nulo ou inexistente, 
0 a 9 e A a Z) 

120W 

DC FAN 

VENTILADOR 
5400RPM 4PIN 

N15WP6 EE_ fan _N15WP6_rpm 
5400±10%rpm_5v 0.45A_001x4 

 

VENTILADOR 
5200RPM 4PIN 

NFB75A05H-004 BlowerFan_5V_5200rpm_4PIN 

_60x55x6mm_CCW_3.6CFM_LCP 

B65D5HC208  

FORCECON 

DFS5L32G16486P 5Vdc, 0.5A, 7.8CFM MINIMUM 

DFS5K22115371U 5Vdc, 0.5A, 9.27CFM MINIMUM 

DFS5K22305283Q 5Vdc, 0.5A, 7.56CFM MINIMUM 

DFS5K223052831 5Vdc, 0.5A, 9.45CFM MINIMUM 

KUNSHAN 
NB800805HHT4B01F22 5Vdc, 0.5A, 9.29CFM MINIMUM 

DONGGUAN 
B65D5HC21D8 DC5V 0.50A 

YINGFAN 
NA850805HHT4B01F22 DC 5V 0.5A 

BATERIA 

Ganfeng  

 

BATER N/D N/D 3300MAH BMORN MONT 37WH 

525290 3650mAh / 41.61Wh Rating 
Voltage: 11.4V Limited Charge 
Voltage: 13.05V 

VAIO CLARK 4000MAH 13.05V VAIO CLARK 46WH 
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VAIO 

585755 3ICP6/57/55 34,65Wh 

575983 3ICP6/59/83 55,20 Wh 

NP50BAT-4-54 54Wh 

SHUTL BATER 2C LI-PO 4000MAH MONT LCD FHD 
NT140FHM-N44 EDP 

47WH 

SIMPLO NP50BAT-4-54 54Wh 

SCUD NP50BAT-4-54 54Wh 

 

LCD 

 

 LCD FHD NT140FHM-N44 EDP 1920X1080 

BOE 

 

EE_LCD_N15WP6_15.6 inch\LCD\TN\BOE 
glass\FHD 1920*1080\NT156FHM-N61-
V8.0\30PIN\EDP 
interface\350.96*216.75*3.2MM 

 

LCD_15.6 inch \TN\BOE\LCD NT156WHM-
N44\30pin\350.66*205.35*3.2mm\EDP\anti 
glare 

1366*768 

N14WP6_14.1 inch\LCD\TN\BOE\30PIN\ED 
P\315.81*197.45*3.0MM\NT140FHM-N44-
V8.1 

1920*1080 

FHD NT140FHM-N44 EDP 30 pins 
315.8*186.05*3.0MM 

1920*1080 anti-glare 

NV156FHM-N4K 15.6” 

NV156FHM-NX4   
N15.6"FHD/WVA/144HZ/N4/NON 
GT/EDP 2.6MM 
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NV156FHM-N48 
N15.6" FHD/WVA/N4/NON 
GT/EDP 3.2MM 

VAIO CLARK LCD 14 AGLARE FHD PRETO 1920X1080 

 

 

 

 

INNOLUX 

 

LCD TN N156BGA-EA3 EDP 30 pins 
350.73*205.29*3.05MM  anti-glare 

1366*768 

LCD TN N156HGA-EA3 30 pins 
350.66*216.25*3.05MM 

1920*1080 

LCD_TN N156HGA EA3 Rev.C 30PIN 
350.73*205.29*3.05MM 

1920*1080 

LCD IPS N156HCA-EAB 30pin 
350.66*205.25*3.0mm 

1920*1080 

LCD_15.6 inch \IPS\Innolux\LCD N156HRA-
EA1\40pin\350.66*205.24*3.0mm\EDP\anti 
glare 

1920*1080 

LCD_15.6 inch \IPS\Innolux\LCD N156HCA-
EAA\40pin\350.66*205.25*3.0mm\EDP\anti 
glare 

1920*1080 

LCD_15.6 inch\TN\Innolux\ LCD INNOLUX 
HD 166*768\N156BGA-EA3\40pin\350.66* 
205.25*3.0mm\EDP\anti glare 

1366*768 

14.1 inch\with INNOLUX FHD TN LCD\N140 
HGAEA1\320.4*205.1*3.0MM\30pin\EDP 

 

14.1 inch\with INNOLUX FHD TN LCD\N140F 
HM- N43 \315.81*186.05*3.0MM\30pin\ 
EDP 
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14.0 inch\Innolux\FHD\IPS LCD\N140HCA-
EAC \315.81*185.74*3.0MM\30pin\anti-
glare\EDP 

1920*1080 

N156HCE-EN1 15.6” 

N156HCA-EAB 
N15.6" FHD/WVA/N4/NON 
GT/EDP LED 3.2MM 

JSD 
14.1 inch\with with QHD IPS LCD\ B140QAN 
02.0 \315.05*185.84*2.4MM\30pin\EDP 

2560*1440 

AUO B156HAN02.1 15.6” 

PANDA LM156LF2F 15.6” 

LG 

LP156WFG 15.6” 

LP156WFJ-SPB4 
N15.6"FHD/WVA/144HZ/N4/NON 
GT/EDP 3.2MM 

SHARP LQ156M1JW07 15.6” 

SAMSUNG ATNA56WR01 15.6” 

 

PLACA MÃE 

 

BMORN 

8th, 10th, 11th,12th and 13th Generation Intel® 
Core Processadores  
Processadores AMD RyzenTM 

VJFE-KL/VJFE-CL/VJFE-IL/VJFE- 
ADL/VJFE-AMD/ VJPX11- 
ADL/VJPW11-ADL/VJFE-TGL/ 
VJFE-RPL 

VAIO 
8th, 10th, 11th,12th and 13th Generation Intel® 
Core Processadores  
Processadores AMD RyzenTM 

VJFE-KL/VJFE-CL/VJFE-IL/VJFE- 
ADL/VJFE-AMD/ VJPX11- 
ADL/VJPW11-ADL/VJFE-TGL/ 
VJFE-RPL/NP55RNJ-V/NP55RNH-
V/VJFH51-ADL/VJFH52-RPL 
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CLEVO 
12th and 13th Generation Intel® Core 
Processadores  
 

NP55RNJ-V/NP55RNH-V/ 
VJFH51-ADL/VJFH52-RPL 

HDD 

WD 

HDD 1TB - WD10SPZX  

HDD 500GB - WD5000LPCX  

WD5000LPZX – 500GB  

TOSHIBA 

HDD 1TB - MQ04ABF100  

HDD 500GB - MQ01ABF050  

HDD 1TB MQ04ABF100 - HDKJB01  

SEAGATE 
HDD 500GB 2.5 inch ST500LM030  

HDD 1TB 2.5 inch ST1000LM048  

SSD INTERCAMBIÁVEL INTERCAMBIÁVEL 
CONJ SSD 256GB M2 PCIE VAIO  

CONJ SSD 256GB M2 PCIE VAIO  

 

*Nota: São considerados componentes intercambiáveis os SSDs de fabricantes e modelos que atendam 
as características definidas no campo DADOS TÉCNICOS deste certificado. 
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COMPUTERS &
DISPLAYS

VAIO FH15

Product Summary:
Product Type: Notebook

Registered In: Brazil

Manufacturer: Positivo Tecnologia
S.A.

EPEAT Tier: Bronze

Registration Date: 2023-06-07

Product Status: Active

All unique product identifiers existing for this product
may not be listed here. If the unique product identifier
you are looking for is not listed, please contact EPEAT at

.

EXPORT PRODUCT SUMMARY

 

EPEAT Tier Score Detail
For a product to be listed on the EPEAT Registry, it must, at
a minimum, meet the applicable “required” criteria. 

 to see a list of the required criteria for this product
category.
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Optional Criteria Scores

This product has met the necessary .

Along with required criteria, products can also meet
optional criteria and score optional points. It is not
required for a product to achieve any optional points.

Products that meet all required criteria and achieve less
than 50% of the optional points are rated at
EPEAT Bronze
Products that meet all required criteria and achieve 50 -
74% of the optional points are rated at
EPEAT Silver
Products that meet all required criteria and achieve 75 -
100% of the optional points are rated at
EPEAT Gold

The optional criteria for this product category and
optional points achieved by this product are listed below.

required criteria

4.1 Substance
Management

0 / 16

4.2 Materials
Selection

0 / 3

4.4 Product
longevity/life-
cycle extension

0 / 4

4.5 Energy
Conservation

0 / 3
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TOTAL
OPTIONAL
CRITERIA
SCORE:

0 / 49

Please note that
it is not required
for a product to
achieve any
optional points.

Some optional criteria may not be
applicable to a product. Optional
criteria that are not applicable (N/A)
to the product are not included in
the Total Optional Criteria Score,
and are not reflected above.

For any questions, comments, or feedback regarding the
EPEAT Registry, please .

4.7 Packaging 0 / 2

4.8 Life cycle
assessment
and carbon
footprint

0 / 6

4.9 Corporate
Environmental
Performance

0 / 9

4.10 Corporate
social
responsibility

0 / 6

contact us
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Contact Us

+1.503.279.9383

PO Box 12149 Portland, OR 97212-0149 USA

Stay connected with regular updates from EPEAT

© 2023 Green Electronics Council dba Global Electronics Council. All rights reserved.

Sign up

EPEAT Registry Privacy Policy

EPEAT Registry Terms of Use
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Product Status: Active
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Optional Criteria Scores

EPEAT Tier Score Detail
For a product to be listed on the EPEAT Registry, it must, at a minimum, meet the applicable
“required” criteria.  to see a list of the required criteria for this product category.

This product has met the necessary .

Along with required criteria, products can also meet optional criteria and score optional points. It
is not required for a product to achieve any optional points.

Products that meet all required criteria and achieve less than 50% of the optional points are
rated at
EPEAT Bronze
Products that meet all required criteria and achieve 50 - 74% of the optional points are rated at
EPEAT Silver
Products that meet all required criteria and achieve 75 - 100% of the optional points are rated at
EPEAT Gold

The optional criteria for this product category and optional points achieved by this product are
listed below.

RETURN TO SEARCH

EPEAT@GEC.org

Click here

required criteria

4.1 Substance Management 0 / 16

4.2 Materials Selection 0 / 3

Computers & Displays Product Category Required Criteria
All EPEAT Computers & Displays Products must meet, at a minimum, the following required criteria.

(4.1.1.1) Conformance with European Union ROHS Directive substance restrictions

(4.1.3.1) Elimination of intentionally added mercury in light sources

(4.1.5.1) Reduction of bromine and chlorine content in plastic parts >25 grams

(4.1.7.1) Compliance with provisions of EU Battery Directive

(4.2.1.1) Minimum post-consumer recycled plastic, ITE-derived post-consumer recycled
plastic or bio-based plastic content

(4.3.1.1) Identification of materials and components requiring selective treatment

(4.3.2.1) Plastic parts compatible with recycling

(4.3.2.2) Plastic parts separable for recycling

(4.4.1.1) Service support

(4.4.2.1) Removal of external enclosure

(4.4.2.3) Spare parts

(4.4.2.4) Battery replacement and information

(4.5.1.1) Conformance to current ENERGY STAR program requirements

(4.5.1.2) Lowest Power Mode limit

(4.6.1.1) Provision of product take-back services

(4.6.2.1) Provision of a removable rechargeable battery take-back program

(4.6.3.1) End-of-life processing

(4.7.1.1) Elimination of intentionally added heavy metals in packaging

(4.7.1.2) Elimination of elemental chlorine as a bleaching agent in packaging material

(4.7.2.1) Separable packaging material

(4.7.2.2) Plastics marked in packaging materials

(4.7.3.1) Recycled content in wood-based fiber packaging

(4.9.1.1) Third party certified environmental management system (EMS) for design and
manufacturing organizations

(4.9.2.1) Corporate environmental performance reporting by manufacturer

Login
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TOTAL OPTIONAL CRITERIA SCORE: 0 / 49

Please note that it is not
required for a product to
achieve any optional points.

Some optional criteria may not be applicable to a product.
Optional criteria that are not applicable (N/A) to the
product are not included in the Total Optional Criteria Score,
and are not reflected above.

For any questions, comments, or feedback regarding the EPEAT Registry, please .

Contact Us

+1.503.279.9383

PO Box 12149 Portland, OR 97212-0149 USA

Stay connected with regular updates from EPEAT

© 2023 Green Electronics Council dba Global Electronics Council. All rights reserved.

4.4 Product longevity/life-cycle extension 0 / 4

4.5 Energy Conservation 0 / 3

4.7 Packaging 0 / 2

4.8 Life cycle assessment and carbon footprint 0 / 6

4.9 Corporate Environmental Performance 0 / 9

4.10 Corporate social responsibility 0 / 6

contact us

Sign up

EPEAT Registry Privacy Policy

EPEAT Registry Terms of Use

Computers & Displays Product Category Required Criteria
All EPEAT Computers & Displays Products must meet, at a minimum, the following required criteria.

(4.1.1.1) Conformance with European Union ROHS Directive substance restrictions

(4.1.3.1) Elimination of intentionally added mercury in light sources

(4.1.5.1) Reduction of bromine and chlorine content in plastic parts >25 grams

(4.1.7.1) Compliance with provisions of EU Battery Directive

(4.2.1.1) Minimum post-consumer recycled plastic, ITE-derived post-consumer recycled
plastic or bio-based plastic content

(4.3.1.1) Identification of materials and components requiring selective treatment

(4.3.2.1) Plastic parts compatible with recycling

(4.3.2.2) Plastic parts separable for recycling

(4.4.1.1) Service support

(4.4.2.1) Removal of external enclosure

(4.4.2.3) Spare parts

(4.4.2.4) Battery replacement and information

(4.5.1.1) Conformance to current ENERGY STAR program requirements

(4.5.1.2) Lowest Power Mode limit

(4.6.1.1) Provision of product take-back services

(4.6.2.1) Provision of a removable rechargeable battery take-back program

(4.6.3.1) End-of-life processing

(4.7.1.1) Elimination of intentionally added heavy metals in packaging

(4.7.1.2) Elimination of elemental chlorine as a bleaching agent in packaging material

(4.7.2.1) Separable packaging material

(4.7.2.2) Plastics marked in packaging materials

(4.7.3.1) Recycled content in wood-based fiber packaging

(4.9.1.1) Third party certified environmental management system (EMS) for design and
manufacturing organizations

(4.9.2.1) Corporate environmental performance reporting by manufacturer
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Documentation
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Careers
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Company news

Sign in

Microsoft Security
Azure
Dynamics 365
Microsoft 365
Microsoft Teams
Windows 365

All Microsoft

Search Windows Compatible Products List
Welcome to the Windows Compatible Products List! Windows Hardware Compatibility means that a
manufacturer has rigorously tested their hardware and met all of Microsoft's compatibility
requirements. Use the search below to find Compatible products and download a Verification Report
for any OS.
For Server products, we recommend you use the Windows Server Catalog as it is designed to give
you more detailed and Server specific information.

Marketing/Product Name* Company Name D & U Status Select
Operating
System

VAIO FH15 Search f   All All Opera

Search

Product
Name

D/U Status Company Certifications Verification
Report

VAIO
FH15

Not
Universal
Not
Declarative

Positivo
Tecnologia SA

Certified for Microsoft
Windows 11 Client family
version 22H2, x64

Download
Certification
Report

VAIO
FH15

Not
Universal
Not
Declarative

Positivo
Tecnologia SA

Certified for Microsoft
Windows 11 Client family
version 22H2, x64

Download
Certification
Report

Viewing page 1 of 1
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 English (United States) Your Privacy Choices
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Hardware certification report Approved

Private product ID:  14130085824291883
Shared product ID:  401564008
Submission ID:  1152921505697045541
Submission date:  11/19/2023
Completion date:  11/19/2023
Company:  Positivo Tecnologia SA
Product name:  VAIO FH15
Category:  System
Product type:  Laptop
Qualification level:  Certified for Microsoft Windows 11 Client family version 22H2, x64
Marketing name:  VAIO FH15
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What's new
Surface Laptop
Studio 2

Surface Laptop Go
3

Surface Pro 9

Surface Laptop 5

Surface Studio 2+

Copilot in Windows

Microsoft
Store
Account profile

Download
Center

Microsoft Store
support

Returns

Order tracking

Education
Microsoft in
education

Devices for
education

Microsoft Teams
for Education

Microsoft 365
Education

How to buy for

Business
Microsoft Cloud
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Dynamics 365

Microsoft 365

Microsoft Power
Platform

Microsoft Teams
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Developer
Center

Documentation

Microsoft Learn

Microsoft Tech
Community

Company
Careers

About Microsoft

Company news

Privacy at
Microsoft

Investors

Diversity and
inclusion

Sign in

Microsoft Security
Azure
Dynamics 365
Microsoft 365
Microsoft Teams
Windows 365

All Microsoft

Search Windows Compatible Products List
Welcome to the Windows Compatible Products List! Windows Hardware Compatibility means that a
manufacturer has rigorously tested their hardware and met all of Microsoft's compatibility
requirements. Use the search below to find Compatible products and download a Verification Report
for any OS.
For Server products, we recommend you use the Windows Server Catalog as it is designed to give
you more detailed and Server specific information.

Marketing/Product Name* Company Name D & U Status Select
Operating
System

SM-6620 Search f   All Windows

Search

Product
Name

D/U Status Company Certifications Verification
Report

Mouse
Positivo
SM-6620

Not
Universal
Not
Declarative

Positivo
Tecnologia
SA

Certified for Microsoft
Windows 11 Client family
version 22H2, x64

Download
Certification
Report

Viewing page 1 of 1
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Hardware certification report Approved

Private product ID:  14097816555483026
Shared product ID:  401338813
Submission ID:  1152921505696309268
Submission date:  5/17/2023
Completion date:  5/17/2023
Company:  Positivo Tecnologia SA
Product name:  Mouse Positivo SM-6620
Category:  Device
Product type:  Other Device
Qualification level:  Certified for Microsoft Windows 11 Client family version 22H2, x64
Marketing name:  Mouse Positivo SM-6620


